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PEEFACE. 



This little book is intended for the nse of young 
persons of fourteen or fifteen years of age and up- 
wards, who may be supposed to have a suflScient 
knowledge of Geography and other kindred sub- 
jects, to understand it and read it with interest. 
It is hoped that it will serve for the commence- 
ment of their studies in Geology. It is also offered 
to grown-up persons who have no time for a more 
extended study of the science, with the hope that 
they may gain from it a fair general notion of the 
scope and nature of that science. 

The chief difficulty the learner meets with in 
the study of Geology, is the want of the prelimi- 
nary elementary knowledge of the collateral sciences 
of Physics, Chemistry, Mineralogy, Zoology, and 
Botany. If the elements of those sciences were 
made part of our ordinary education, as I think 
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they ought to be, and as they might be without 
any difficulty, it would then be easy to teach their 
application to Geology. 

Any one who was familiar with the appearance 
and nature of ten or a dozen of the most common 
and abundant Minerals, would have no difficulty 
in comprehending the origin of Eocks. If the 
pupil knew the outlines of Zoology, there would 
be no occasion for the teacher in Gleology to spend 
time and labour in explaining to him that a Whale 
was not a Fish, nor a Bat a cross between a Mam- 
mal and a Bird, or shewing him the difference in 
bivalve shells between a Brachiopod and a Con- 
chifer, or between a Gasteropod and a Cephalopod 
in univalves, or guarding him against the supposi- 
tion that a Coral was buUt by an Insect. If this 
and similar elementary knowledge were previously 
acquired, the teacher of Geology would feel that 
the common technical terms of Natural Science, 
which he must inevitably use, were famUiar and 
well understood, instead of being passed over as 
mere scientific mysticism. The faculties also of 
his pupils being already trained to the observation 
of some natural objects, would be prepared readily 
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to observe the very simple geological facts which 
any one may see in his daily walks. No one, who 
has once had his eyes opened to the real nature of 
the common earths and stones on which he treads, 
either in country roads or town pavements, can help 
becoming a geologist even in spite of himself. 

If the perusal of the following pages impart 
sufficient rudimentary knowledge to excite and 
guide this faculty of observation, the chief object 
for which it was written will be attained. 
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Geological Operations now in Action. 



CHAPTEE L 

OF THE EABTH AS A WHOLK 

The Earth has been both measured and weighed, its 
measurement giving us its form as well as its size. 

The Form and Size of the Earth, — ^The figure of the 
Earth is not that of a perfect sphere, but one that is 
called an olilate sphsroid. £y this phrase we mean that 
the polar axis, or imaginary line about which the Earth 
revolves, is its shortest diameter, and that as we recede 
from the Poles, or ends of that axis, the diameters of 
the Earth are longer and longer, till we come to the 
Equator, where they are longest. 

The length of the polar diameter is 7899*17 English 
statute miles, and that of ^ equatorial diameter is 
7925*65 of those miles. A line passing through the 
centre of the Earth, then, from any point on the 
Equator to its opposite is almost exactly 26*5 miles 
longer than the line which passes through the centre 
from Pole to Pole. 
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Lat.j;lf& diagram, Fig. 1, represent a section of the 

Eaitk. thjough the centre c, the line P P being its axis 

of .rotation or polar diameter, and the line E E an equa- 

.'tgrfal diameter. If the Earth had been a true sphere. 




Fig. 1. 
Section of the Earth. 

these two lines would of course have been exactly equal, 
and if we had turned the line P P on the centre c till 
it lay upon E E, the points P P would have exactly 
coincided with the points E E. £ut as the line P P is 
in reality 26^ miles shorter than, the line E E, it is 
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obvious that the points P P would fall short of the 
points E E by a space equal to half that distance (i,e.y 
by 13^ miles) on each side. Let us suppose that they 
would only reach to e e, then the two little spaces be- 
tween e and E on each side would represent the amount 
of the bulging of the equatorial parts of the Earth's 
surface beyond the shape of a true sphere. 

In the figure, however, the distance between e and E 
is greatly exaggerated in order to make it distinct. The 
line P P is a little more than three inches long, being 
drawn on a scale of 2600 miles to one inch, to represent 
the distance of 7899 miles. A space of 1-lOth of an 
inch has been taken inside P P, on which, from the 
centre c, to strike the inner circle seen in the figure ; 
this space will of course represent 260 miles, a tenth of 
that space would represent 26 miles, and that tenth 
would require to be agaia divided in half to represent 
13 miles. The distance between e and E, then, should 
be only l-20th part of the space between P and the 
inner circle, which would not be more than the width 
of one of the lines in the figure. 

Making allowance for this necessary distortion, we 
xnay take the outer curved line P E P E as repre- 
senting the true surface of the Earth, and the circle 
P c P c as the surface of an imaginary sphere drawn 
on the polar diameter, which sphere would coin- 
cide with the actual surface of the Earth just about the 
Poles, but sink beneath it gradually from the Poles 
towards the Equator. The depth of this imaginary true 
sphere, below the actual surface, will be 13^ miles at 
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the Equator. Kow, 13^ statute miles make 69,960 
feet, or, in round numbers, 70,000. The equatorial 
parts of the Earth, then, bulge to an amount of 70,000 
feet beyond the form of this true sphere. We might 
liken this protuberance to a vast mountain 70,000 feet 
high under the Equator, with sides sloping regularly 
down towards the Poles. 

Now, it is probable that the bed of the ocean is no- 
where so deep as 70,000 feet ; and that the hollow 
in which it lies is entirely within the protuberance 
thus described, and nowhere reaches the imaginary in- 
ternal sphere except in the polar regions, where, how- 
ever, the sea does not appear to be nearly so deep 
as in lower latitudes. The irregularities of the sur- 
face which rise above the level of the sea and form 
the dry land are still more insignificant. The moun- 
tains are mere pinnacles, the highest being Mount 
Everest, in the Himmalayahs, which is 29,000 feet 
above the sea. The table lands are not extensive, that 
of Thibet, forming the greatest bulk of high land, is 
from 400 to 600 miles across, with an altitude varying 
from 11,000 to about 15,000 feet above the sea. These 
irregularities, then, are obviously small when compared 
with the protuberant shell of the globe, and are in fact 
mere irregularities in that sheU. They become of in- 
finitesimally small account when we recollect that the 
protuberant shell itself would be represented in Fig. 
1 by merely doubling the thickness of one of its 
lines. 

Small,, however, as is this protuberant mass wlien 
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compared with the whole bulk of the globe, its exist- 
ence involves important consequences. 

The first of these consequences is the stability of 
the Earth's axis. Ever since the Earth first acquired 
this figure, it is very difficult even to imagine any 
impulse sufficient to make the Earth revolve upon any 
other axis than this of its shortest diameter, or any- 
thing so to affect the form of the Earth as to cause 
any other diameter to become shorter than the one 
which was originally the shortest. 

The second consequence is that this figure, being 
very nearly the precise form which the globe would 
have assumed had it been originally a pasty or fluid 
mass revolving with its present velocity, naturally 
induces us to believe that it once was in that condi- 
tion. If a ball of molten matter were set to spin 
round one of its diameters, it would naturally tend to 
bulge about the parts farthest from that diameter, the 
bulging being great in proportion to the velocity of 
its rotation, until the greater distance of those parts, 
and the consequent greater space they travelled in each 
revolution, produced a balance between the centrifugal 
force of the rotation and the centripetal force due to 
the attraction of gravity in the mass. The fact that 
the Earth has this protuberant form is strong evidence 
in support of the conclusion that it actually did thus 
adjust its shape to the impulse of its motion, and that 
therefore it was at one time sufficiently plastic to ad- 
mit of this adjustment ; in short, that it was either in a 
fluid or at least in a pasty condition. 
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This original plasticity in the matter of the globe, 
though it is by no means to be taken as a certainty, 
may yet be accepted as a probability which agrees 
very well with some other known facts, which are in 
favour of the idea that if the matter of the Earth were 
originally plastic it was so in consequence of its own 
heat being sufficient to keep its substance in a molten 
or semi-molten state. Should future research, how- 
ever, lead our ideas in a contrary direction, or even 
prove this conclusion to be entirely erroneous, it would 
make little difference to the science of Greology, which 
does not concern itself much with any possible former 
condition of the globe very different from the present one. 

Specific G-ravity of the Earth, — ^The specific gravity 
of a substance is its weight compared with that of the 
same bulk of pure distilled water at a temperature of 
60** F. The specific gravity of the Earth has been de- 
termined by two or three independant methods, the 
results varying from about 5 to about 6 J. We may then 
safely conclude that the Earth is about five or six times 
as heavy as it would be if it were all pure uncompressed 
water. Now most stones and rocks vary in their spe- 
cific gravity from about 2j to 3. The Earth, there- 
fore, is about twice as heavy as it would be if it were 
made entirely of such rocks as those that we see at the 
surface, and those rocks were uncompressed. We 
know, however, from the nature of the attraction of 
gravitation that the same materials at the same tem- 
perature would necessarily be much denser in the 
interior of the Earth than they are at the surface. 
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Professor Leslie formerly stated that at a depth of 
34 miles air would be as heavy as water, and water 
at 362 miles as heavy as merciiry. It is also stated 
that at the centre of the globe cold steel would be 
compressed into a fourth of its bulk, and most stone 
into an eighth. Astronomers teU us that the Earth is 
certainly not a hoUow body, and that it does become 
continually denser to the very centre {see HerscheVs 
Physical Geography, p. 7). It seems certain, there- 
fore, that it must have had a specific gravity of more 
than twice that of ordinary surface rock, unless some ex- 
pansive force resided in the interior able to resist the 
condensing force of gravitation. But the only expand- 
ing force we know of that is capable of this is Heat. 

From the specific gravity of the Earth, then, we 
arrive at the notion that it has probably a high in- 
ternal temperature of its own, independent of any heat 
derived from the Sun or other external source. 

Temperature of Deep Mines and Wells, — Direct 
observation on the temperature of the interior of the 
Earth, so far as we are able to descend into it, corro- 
borates this conclusion. The summer heat or winter's 
cold does not penetrate far, so that at a depth not exceed- 
ing 100 feet in any part of the globe a thermometer 
would mark the same temperature all the year round. 

Below that ^^ stratum of invariable temperature" 
the rocks get warmer the lower we descend. Obser- 
vations have been made in mines in many parts of the 
world with every precaution against mistake, but the 
same result has always been arrived at. In our own 
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country, Mr. Fox found the temperature marked by a 
thermometer kept for eighteen months in the rock of a 
gallery of the Dolcoath Mine, in Cornwall, at a depth 
of 1380 feet from the surface, to be always 75° F., or 
25° F. hotter than the mean temperature at the surfiEU^e. 
Mr. Kenwood found as the results of his experiments 
on the temperature of the slate rocks in 200 mines in 
the counties of Cornwall and Devon, that at 300 feet 
they were about 67° F., at 600 feet about 62° F., at 
900 feet about 68° F., and at 1200 feet about 78° F. 
He states, however, that in the granite rocks the tem- 
peratures were not quite so high. 

In the coal mine at Monkwearmouth, Durham, 
at a depth of 1600 feet the temperature ranges from 
78° to 80°, or constant summer heat At the bottom 
of the deepest coal shaft in Britain, that of Dukin- 
field, near Manchester, which is 2151 feet deep, the 
temperature is constantly 75° F. 

While then there is considerable variation in the 
amount of the increase of temperature, and in the rate 
of increase at different places, the fact remains un- 
dpubted that, without any exception, the heat always 
does increase after passing below the first hundred feet, 
and it appears that the average rate of this increase 
may be taken at about 1° F. for every 60 feet of depth 
beyond the first hundred. 

The temperature of the water in very deep wells is 
in accordance with these results. The Artesian Well 
of GreneUe, near Paris, was bored to a depth of about 
1800 feet, with the expectation of not only finding 
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water, but of getting it always of a uniform and rather 
high, temperature, and it has a constant temperature of 
nearly 82° F., which is about 29** hotter than the mean 
temperature of the ground beneath Paris, as observed 
in the cellar of the Observatory there. Similar results 
have always been found to attend the rise of water from 
other very deep Artesian wells. 

Hot Springs, — ^The numerous hot springs which 
flow out to the surface of so many parts of the earth 
may be divided into two classes — those in volcanic dis- 
tricts, and those not in volcanic districts. The latter 
usually occur where geologists can shew that there are 
great fractures in the rocks, of a kind which they call 
" fisLults," those fractures proceeding from a great depth, 
and this renders it probable that the hot water travels 
from a great depth up these fissures, and is hot in con- 
sequence of the depth from which it comes. 

Igneous Rocks, — The numerous volcanic orifices 
which are scattered here and there aU over the Earth, 
and from which molten rock is so often belched forth 
in large quantities, give us also a proof of a vndely 
spread source of intense heat existing everywhere be- 
neath the surface. But the lavas derived from exists 
ing volcanoes form only a small part of the igneous 
rocks which are foimd in the crust of the Earth, all of 
which have certainly come from the interior. 

Condtisions, — ^Putting all the preceding considera- 
tions together, we can hardly avoid arriving at the con- 
clusion that the interior of the Earth is intensely hot, 
quite hot enough, at all events, to keep such rock as 
basalt or whinstone in a completely molten state. 
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K we were to suppose that the increase of tempe- 
rature went on at the same rate indefinitely into the 
interior as that which regulates it in our mines and 
wells, or even if we allowed that it increased at a slower 
rate, say, for instance, 1° F. for every 100 feet of de- 
scent, or 52° F. for every mile, we should arrive very 
shortly at an intense temperature. At a depth of ahout 
three or four miles beneath the British Islands, the 
rocks would be as hot as boiling water, or 212° F. ; at 
a depth of 50 miles we should find a temperature of 
2600° F., or a heat sufficient to melt steel ; and at 100 
miles, or less than half the space between the outer and 
inner circle in Fig. 1, we should get a temperature equal 
to more than 5000° F., which is a heat greater than any 
that we know at the surface. 

It is not by any means necessary, however, to sup- 
pose that the temperature does increase indefinitely into 
the interior, or that the rate which regulates its increase 
near the surface continues to be the same for such 
depths as these mentioned above. Neither does it follow 
that the materials, whatever they may be, which exist 
at great depths, would be melted by the same amount 
of heat that would fuse them at the surface, since the 
enormous amount of pressure which they must expe- 
rience may keep them solid in spite of the heat. 

Little or nothing is in fact known about the consti- 
tution or condition of the interior, nor have we any 
grounds even for speculation, farther than those which 
have been previously mentioned. 



CHAPTEE 11. 



VOLCANOES. 



If the Earth be really a globe of intensely heated and 
perhaps molten matter, with a cooled crust of uncertain 
but perhaps not a very great thickness, we might not 
xmreasonably expect that external symptoms of its in- 
ternal condition would occasionally be made manifest* 
As a matter of fact we know that incandescent earthy 
matters are frequently ejected from the interior through 
holes in the crust, and that movements of greater or 
less violence are occasionally felt through large parts of 
that crust evidently proceeding from some disturbing 
force within it. 

Form and Structure of Volcanoes. — A volcanic 
mountain consists of a conical pile of cinders and ashes 
heaped up round a central orifice, from which they have 
been violently ejected into the air, so as to fall on all 
sides round it. A strong wind blowing at the time 
sometimes causes a greater accumulation on one side 
than on the other. The finer and more impalpable 
powder is sometimes ejected to such a height as to be 
carried by the winds for many miles, even sometimes 
some hundreds of miles, from the orifice, and to fall 
eventually over a very wide space, into the sea as well 
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as on to the land. Great blocks of molten lava, called 
volcanic bombs, are often shot up, and Ml near to the 
mountain. Floods of lava now and then boil up, and 
either break through the sides of the pile of cinders and 
ashes or flow over the lip of the crater* as the mouth 
of the central funnel is called, and roll down into the 
adjacent country. 

Successive eruptions often take place from the same 
vent, but other lateral orifices are often opened close by, 
and minor eruptions proceed from them. The lesser 
cones and craters thus produced are often subsequently 
buried under the accumulations derived from the more 
dominant ones. A succession of cones are frequently 
arranged along nearly straight lines, as if over a great 
linear fissure in the earth's crust. 

If we were to cut open a line of volcanic cones we 
should probably find their structure to be similar to 
that suggested by the diagram in Fig. 2, in which the 




Fig. 2. 
Ideal Section of Volcanoes. 



parts shaded by vertical lines are intended to represent 
lava streams, and the other parts to shew the different 

* From the Greek word for a goblet 
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irregular layers of ashes and cinders, of which the cones 
are made up. 

In addition to these, however, the internal parts of 
volcanoes would be found to be traversed by veins of 
lava of greater or less magnitude, sometimes running 
between the beds of other materials, and at others 
cutting across them, or even cutting through other veins 
that had been previously formed. Fig. 3, which is taken 
from a rough sketch made ixom the deck of H.M.S. 
Ely, of some veins of lava seen in the cliffs of the south 
side of the Island of Madeira, will serve to give a notion 
of these veins of injected material 




Fig. 3. 
Veins or Dykes of Lava in the Cliffs of Madeira. 

It will be easily understood that when molten lava is 
being forced up in the inside of a volcanic mountain, 
some of it may be injected in a liquid state into any 
crevices or cracks which may have previously existed, 
or may be caused by the internal impelling force. 
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These veins, or dykes, as geologists call them, when 
they are cooled, form heavy solid stone, and serve to tie 
or hrace together and support the looser and more inco- 
herent portions of the mountain. The quantity of 
materials thus ejected from the interior of the Earth on 
to its surface is sometimes very great. iEtna stands on 
a base which is 30 miles across, or the size of a small 
English county, and its summit rises, with a very gentle 
average slope, to a height of nearly 11,000 feet above 
the sea. If we were to put Snowdon, the highest moun- 
tain in Wales, on the top of Ben Nevis, the highest in 
Scotland, and Carrantuohill, the highest in Ireland, on 
the summit of both, we should make a mountain but a 
very little higher than Min&, and we should require to 
heap up a great number of other mountains round the 
flanks of our new one in order to build a gentle sloping 
pile which should equal MtuB, in bulk. Some of the 
lava streams on the present surface of the mountain are 
from 20 to 30 miles long, one or two miles in width, 
and from 100 to 200 feet deep. The valleys and ravines 
shew other similar lava streams beneath the surface, 
separated from each other by beds of ash or " tuff," as 
the ejected fragmentary materials are called. There is 
one valley, called the Yal del Bove, on the eastern flank 
of the mountain, which is four or five miles in diameter, 
and encircled by magnificent precipices, some of which 
are 3000 feet high, and expose the structure of that part 
of the mountain in a wonderful way. Vesuvius, which 
is only 3922 feet high, could then be almost hidden 
away in this valley, which has been formed on one 
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flank of uEtna. It is well worthy of remark that Mtna. 
had arrived at very nearly its present size and altitude 
2500 years ago, when it was described by the early 
Greek poets. The lava stream which stopped the Car- 
thagenians in their march against Syracuse, 396 years 
before Christ, may still be seen at the surface, other 
and older lava streams appearing underneath it. (See 
Daubenj/s Volcanoes and LyelVs Principles of Geology). 

No fewer than 600 minor cones shew their heads 
round the flanks of ^tna, some of them as much as 700 
feet high and two miles in circumference, and many 
others are now more or less buried under subsequent 
accumulations. 

Vesuvius, which is so small compared with uEtna, 
has had a proportionately larger increase since the year 
79 A.D., which is the date of its first eruption during 
the historical period. The main outer bulk of the 
mountain, however, had been formed long before ; the 
old summit of its curved ridge being now known as the 
Monte Somma, and it is within the old ruined crater, 
partially encircled by that ridge, that the modem cone 
has grown since the year 79. Nothing like an eruption 
is spoken of by any Eoman author before the days of 
Pliny, so that that volcanic focus must have lain dor- 
mant for at least 800 years, and then suddenly burst 
into activity and remained active ever since, with the 
exception of one or two pauses of one or two centuries 
each in length. 

The neighbouring volcanic Island of Ischia had an 
eruption during one of these intervals in the year 1302 
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A.D., after it had been donnant for at least 1400 
years. 

The history of all volcanoes shews ns that long 
periods of rest usually elapse between those great erup- 
tions which contribute in any sensible degree to the 
bulk of the mountains. 

Iceland. — ^The Island of Iceland, which is about as 
far from Cape Wrath, in Sutherlandshire, as that is 
from London (rather less than 600 miles), is entirely 
composed of volcanic materials. It is considerably 
larger than Ireland, and has more than twenty volcanic 
mountains from which eruptions have been recorded. 
Snaefell is believed to be its loftiest summit, reaching 
to 6860 feet above the sea ; but Hecla (4900 feet) is 
the best known, as the one from which the most fre- 
quent eruptions have taken place. Some of the Ice- 
landic eruptions have caused vast floods of water, since 
they melted the snows and let loose the glaciers which 
perpetually clothe the highest parts of the island, and 
these floods have torn great ravines in the sides of the 
mountains, and carried down large rocks and heaps of 
smaller fragments on to the lower lands, and have even 
added sometimes miles of new land to the coast line of 
the island (see PoiUett Scrape's Volcanoes^ p. 409 ; Edi- 
tion of 1862). 

The most tremendous eruption on record in Iceland 
was that from Skaptar Yokul, in the year 1783, which 
was especially remarkable for the immense floods of 
lava that were poured forth. One of these lava streams 
was 50 miles long and 15 wide in some places ; and 
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another 40 miles long with an occasional width of 
7 miles ; each of them having an average depth of 100 
feet^ increasing here and there to 500 or 600. 

Had such an eruption burst from a mountain over 
Oxford, for instance, one of these streams might have 
filled up the vaUey of the Thames as far as London, 
while the other would have extended to Gloucester. 

If we imagine the eruption to have taken place from 
Lugnaquilla in Wicklow, one stream might have filled 
up the valley of the Liffey down to Dublin Bay, while 
the other obliterated the valley of the Slaney as far as 
Wexford Harbour. 

Or lastly, if we suppose it to have broken out about 
Dollar Law in Peebleshire, one stream might have 
filled the Valley of the Tweed, and the other that of 
the Clyde, reaching to the neighbourhood of Berwick 
and Glasgow respectively. 

Tomhoro in Sumbawa, — The grandest eruption 
perhaps of which we have any published description, 
was that which occurred in the year 1815 in the Island 
of Sumbawa— one of that chain of islands that stretches 
due east of Java towards New Guinea, The mountain 
called Tomboro in that island burst into an eruption 
on April 5th, which was most violent on the 11th and 
12th, and did not entirely cease till July. The sound 
of the explosions was heard in Sumatra, 970 miles to 
the westward, and in Temate, 720 miles towards the 
east. Great tracts of land were covered by lava, seve- 
ral streams of which rolled into the sea. Floating 
cinders were met with on the sea to the westward of 
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Sumbawa, forming a mass several miles in extent and 
two feet thick, so that vessels with difficulty forced 
their way through them. Stones firom the size of wal* 
nuts to that of a man's head fell in showers on all the 
country near the volcano. The ash or light impalpable 
powder was ejected in such immense profusion as to 
cause a darkness more profound than that of the 
blackest night even in Java, the nearest part of which 
is 300 miles west of the volcano, and that for a space of 
three days. Some of this ash fell in Amboyna and 
Banda, which are about 800 miles east of the volcano, 
although it was during the season of the eastern mon- 
soon, shewing that this ash was ejected through the 
lower currents into the upper regions of the atmos- 
phere, where the counter-currents prevaiL 

Some evidences of this eruption were perceptible 
during its occurrence over an area which had a circum- 
ference 1000 miles distant from the volcano. 

Supposing then that it had broken out from a vol- 
cano in the situation of Mont Blanc, it might have been 
heard or felt at once in the Hebrides and in Greece, or 
in Morocco and in JPoland, while aU the country from 
Paris to Florence, and from Munich to Barcelona, would 
have been kept in utter darkness for one or two days in 
consequence of the falling ash. 

The volcano of Coseguina in Nicaragua had an 
eruption in 1835, the roaring of which was heard in 
Jamaica, 800 miles north-east of the volcano, and the 
sun was darkened by the ashes that fell there, which 
mtist have been carried by the upper current and fallen 
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back through the north-east trade wind. H.M.S. 
Conway was at the same time covered with ash while 
sailing in the Pacific 700 miles south-west of Coseguina. 

The instances of volcanic action mentioned above 
are a few selected for the purpose of giving an idea of 
its power and results. 

In Sir C. Lyell's "Principles of Geology," in Dr. 
Daubeny's and Mr. Poulett Scrope's works on Vol- 
canoes, many more detailed accounts wiU be found, 
which the limits of this little book do not allow me to 
extract. 

Distribution of Volcanoes, — ^The history of Vesuvius 
shews us that volcanoes may remain dormant for several 
centuries, and then burst again into activity. Some 
volcanoes, the lava streams and ashes of which look 
recent, but which, like Ascension Island, have had no 
eruption since the period when they have become 
known to civilised man, may be thus dormant. Others 
again, like those of the Puy de Dome in central France, 
although still preserving their cones and craters, and 
having their lava streams still rough and bristling, 
have not only remained quiescent during historic times, 
or for the last 2000 years, but probably for much longer 
periods. These we may call extinct volcanoes. This 
term may be applied with still greater certainty to 
others in central France such as those of the Mont 
Dor and Cantal, and in other parts of the world, the 
cones and craters of which are more or less nearly obli- 
terated by lain and atmospheric action, and their lava 
streams and ashes trenched by deep and wide valleys. 
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SO that the lava streams which originally ran down the 
lowest ground they could find, are now left as cappings 
on the hills. 

These again lead us to districts in which all traces 
of the old cones are completely removed, and mere' 
plateaux of lava (basalt) and ash spread over districts 
like those of Antrim in Ireland or large parts of central 
India and other places. 

If, however, we look solely to active, dormant, and 
extinct volcanoes, properly so called — leaving the mere 
basaltic plateaux aside — and mark on a map or globe 
every spot where such volcanoes are to be found, they 
will be seen to be irregularly but almost universally dis- 
tributed over the whole of it. All the oceans are spotted 
with volcanic islands, and groups and lines of them run 
through all the Asiatic islands, down all the western 
shores of the two Americas, through all the south of 
Europe, and far into central Asia, if not completely 
across it from Asia Minor to Pekin. They are to be 
found in every latitude from that of Jan Meyen Island, 
72° N., between the North Cape and Greenland, to 
that of Mounts Erebus and Terror in 77° S., and it is 
hardly possible to draw a meridian of longitude which 
will not in some part of its course cut through a vol- 
canic area. 

It is very remarkable that with the exception of 
those of central Asia almost all active volcanoes are 
either on islands or in the immediate neighbourhood of 
the sea. Africa is the only continental space where no 
volcanoes of any kind are known. The north of 
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Europe and Asia, the central and eastern parts of North 
and South America, and the northern and central parts 
of Australia, appear to be quite free from them. 

While, then, their general distribution round the 
globe shews that volcanoes are the external symptoms 
of some internal condition which is common to the 
whole globe, their being nearly confined to the neigh- 
bourhood of the larger water areas raises a suspicion 
that water may possibly be in some way the exciting 
agent which sets them into activity. Steam at a high 
temperature and great pressure may perhaps be the 
power which pumps up the fiery floods and blows out 
the vast clouds of ashes and great piles of cinders into 
the air — ^though how the water gets access to the heated 
interior of the earth, how deep it penetrates, and in 
what way the reservoirs of steam are accumulated till 
they overcome the resistance of the earth's crust above 
them, are details about which we must as yet be con- 
tent to confess our ignorance. 

Time required for the formation of existing Vol- 
canoes, — ^We see from the most ancient descriptions of 
^tna that the additions which have been made to the 
bulk of the mountain during the last 2500 years are 
very insignificant compared with the mass that had 
been previously accumulated. We learn from the his- 
tory of Vesuvius and other Italian and Grecian vol- 
canoes that great intervals of quiescence often occur 
between those eruptions which alone do anything to 
increase the bulk of the mountains. 

All the knowledge we possess of all other volcanoes 
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all over the world shews that in these respects ^tna and 
Vesuvius are not exceptions to, but examples of, the 
rules which regulate the formation of volcanic moun- 
tains. All volcanic mountains are apparently formed 
by small partial additions of matter ejected from the 
interior and added to the exterior from time to time. 
The intervals between these times are often scores of 
years or even centuries, and it appears that the length 
of these intervals are great in proportion to the bulk of 
matter added at any one time. Great eruptions, during 
which vast ejections take place, occur rarely. A moun- 
tain that is frequently or constantly in activity does not 
eject any great amount of either lava or ash in any 
short period of time. It must therefore have required 
an enormous lapse of time, not merely many thousands, 
but many tens, or even hundreds of thousands of years 
for the gradual accumulation of great volcanic piles, 
such as iEtna, and the many other still larger and 
loftier volcanic cones which rise from the districts just 
now alluded to, on all sides of the globe. 



CHAPTEE III. 

OF LAVAS Am) IGNEOUS ROCKS. 

When we hear of such immense quantities of materials 
as those which compose volcanic mountains being 
ejected from beneath the crust of the earth on to its 
surface, the question naturally occurs to us, what are 
these materials made of? I will proceed to answer 
this question in a general way, disregarding as far as 
possible mere technicalities ; although the subject can 
never be thoroughly understood without a complete 
mastery over those technicalities. 

Since the lavas and igneous rocks proceed from the 
interior of the Earth, the question as to their composi- 
tion is very nearly the same as asking what materials 
the inside of the earth itself is made of. 

Chemists now tell us that there are between sixty 
and seventy simple or elementary substances, and that 
everything in or about the earth consists either of one 
of these, or of a compound of two or more of them. 
Except fifteen, these are all metals. Pure Iron, Copper, 
Tin, Lead, Zinc, Silver, Gold, and the rest, some com- 
mon, others never seen in their metallic state except in 
the chemist's laboratory, are all elements or simple 
bodies. Of the other fifteen. Phosphorus, Sulphur, 
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and Carbon, are examples, while others, such as Silicon, 
Boron, Iodine, are very rare in their simple state ; and 
others, when in that condition, are mere gases, such 
as Nitrogen, Hydrogen, and Oxygen, 

The last-named element, Oxygen, is always com- 
bined with one or more of the others in all the in- 
organic substances of which the crust of the earfch is 
composed, as well as in the Water and the Air that 
surround it. Mixed with Nitrogen it forms the 
Atmosphere, combined with Hydrogen it forms Water, 
in union with Silicon it makes the substance Silica; 
and when united with the metals Ahiminium, Calcium, 
Magnesium, Sodium, Potassium, it converts them into 
Alumina, lime. Magnesia, Soda, and Potash. These 
unions of two elementary substances are denoted in 
chemistry by the termination "ide;" Silica, Alumina, 
Lime, etc., being termed Oxides of Silicon, Aliiminimnj 
Calcium, etc. These '4des" have sometimes no special 
name in ordinary use, like Lime for the Oxide of Cal- 
cium, so that we speak merely of the Oxide of Man- 
ganese or the Oxide of L*on, unless we choose to call 
the latter "iron rust." When the quantity of Oxygen 
in combination is twice or three times as much as that 
which we may call an "ordinary dose," the resulting 
compound acquires active properties which chemists 
usually denote by calling it an " acid," such as Carbonic 
Acid, and Sulphuric Acid. The substance Silica itself 
is of this nature, being not a simple but a double oxide 
(deutoxide), or, as formerly thought, a triple oxide 
(tritoxide). These high oxides, or Acids, will them- 
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selves combine with the simple oxides, which are then 
spoken of as Bases, and these secondary compounds are 
called Salts, and are denoted by the termination " ate," 
such as Silicate, Carbonate, Sulphate. 

All chemical words, then, ending in " ide " denote 
a union of two elementary substances only, one of 
which is denoted by the first syllable of the first word, 
as " ox," for oxygen in oxide ; " chlo," for chlorine in 
chloride, and so on. 

In like manner all chemical words ending in " ate " 
denote a salt,* or union of at least three simple sub- 
stances — that is, the first substance forming the high 
" ide," or acid, of the second substance, united with the 
low " ide," or basic condition, of a third substance. 

In the substances we have now to speak of these 
are all oxides ; and the only salts occurring in igneous 
rocks are those of Silica or silicates. 

In order that the acid substance Silica should be 
made to enter into combination with any of the simple 
oxides or bases, it is generally necessary to mix the two 
in a powdered state, and heat them to a high tempera- 
ture. This is what takes place in the formation of 
glass. Silica, in a powdered state, is mingled with 
Potash or Soda, or both, or with lime and other basic 
oxides ; and when made hot enough they unite and form 
a liquid, which, on being cooled, makes the transparent 
substance glass. 

Precautions have, however, to be taken in the manu- 
facture of glass as to the rate and conditions of cooling, 
* Both acids and salts may be perfectly tasteless and inodorous. 
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as well as regards the proportions of the ingredients, 
otherwise the glass will become opaque and form what 
is called a slag, or will even crystallize and form a 
stone. Slags from a glass-house and those from an 
iron-furnace are all silicates of the different basic sub- 
stances, and are in reality artificial igneous rocks. Por- 
celain, china, and pottery are composed of Silicate of 
Alumina, either indurated or half fused. Alumina 
being itself a more oxygenated, or less basic, substance 
than lime, Soda, or Iron makes a less perfect flux to 
the Silica. Silicate of Alumina is accordingly almost 
infusible by itself, although it enters in small quantity 
into the composition of some glasses. 

Silicate of Magnesia, in like manner, occurs in small 
quantity in some glass, though by itself a very infusible 
compound. 

In the natural minerals which are the constituents 
of the igneous rocks, both these substances occur abun- 
dantly ; Silicate of Alumina, mingled with some more 
fusible compound, forming the minerals called Feldspar, 
while Silicate of Magnesia, mingled with the more 
fusible silicates of Lime or Iron, forms those known as 
Augite or Hornblende. 

We may now proceed to describe those minerals 
which are the essential constituents of Igneous rocks. 

1. The first to be mentioned is pure Silica itself, 
forming the mineral Quartz or Rock Crystal, sometimes 
called Irish Diamond, Bristol Diamond, Kerry Dia- 
mond, etc. It occurs either in crystals, or as a com- 
pact, hard, milk-white stone. Amethyst, Cairngorm, 
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Agate, Jasper, Cornelian, Onyx, Catseye, Lydian Stone, 
Bloodstone, Opal, Chalcedony, Chert, Flint, are all 
mere varieties of Quartz, stained of various hues by 
slight admixtures of Iron, Manganese, or other colour- 
ing matter. When Quartz occurs in an igneous rock 
it is usually a grayish semi-transparent, glassy-looking, 
irregularly crystalline particle, which cannot be cut or 
scratched by even the best steel knife. 

2. Feldspar is a name for a family of minerals 
rather than for one. They all consist of Silicates of 
Alumina, combined with silicates of Potash, Soda, or 
lime. 

Orthoclase, or Common Feldspar, is a highly sili- 
cated, and therefore very infusible, mineral, in which 
some Silicate of Potash is mingled with the Silicate of 
Alumina; it is therefore called also Potash Feldspar. 
Albite, of rarer occurrence, is as highly silicated as 
Orthoclase, but contains Silicate of Soda instead of 
Potash. 

Oligoclase contains less silica in combination with 
the other substances which are Alumina and Soda, or 
Soda mingled with Potash. 

Labradorite has still less silica or a higher propor- 
tion of Alumina, which is combined with Silicate of 
lime, and is therefore a more readily fusible variety 
than the preceding. 

There are also some other species or varieties of 
Feldspar which are found occasionally. 

The Feldspars, as seen in igneous rocks, generally 
form long and rather narrow opaque crystals, with a 
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bright surface shining like satin ; they are usually light 
colouredy either white or some shade of red or green. 
It requires a heavy pressure to scratch the surface of 
one of these crystals with a good knife, a test by which 
they may be readily distinguished from Calc spar, 
which is easily scratched. 

A little practice will soon enable any one to dis- 
tinguish the ordinary forms of Feldspar &om any other 
common mineral 

3. Hornblende^ or Augite, — Under these names a 
group of minerals is included which do not differ so 
much from each other in composition as do the different 
Feldspars, since they are all almost equally basic, or, in 
other words, have a nearly equally large proportion of 
other substances combined with the Silica. 

Magnesia plays the same part in them as Alumina 
does in the Feldspars, their essential composition being 
a mixture of Silicate of Magnesia with Silicate of lime, 
the latter substance being often more or less replaced 
by Iron, Manganese, etc. Diallage or Bronzite, Hyper- 
sthene, Tremolite, Actinolite, Anthophyllite, Asbestos, 
and other minerals, are varieties of Augite and Horn- 
blende. Hornblende and Augite are usually seen in 
rocks as dark green, sometimes black, crystals, or crys- 
talline particles, some of the varieties being of a paler 
green. They have often a striated structure and a silky 
lustre, are a little more easily scratched than Feldspar, 
and are always heavier, the specific gravity of the Feld- 
spars being little more than 2^, while that of Augite 
and Hornblende is often 3^. 
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4. Mica. This is also a name for a family of 
minerals varying a good deal in composition, but all 
alike in having a bright metallic lustre and splitting 
readily into very thin flexible homy-looking plates, 
which are more or less perfectly transparent. They are 
composed of a mixture of Silicate of Alumina with 
Silicate of Potash, Magnesia, etc., the proportion of the 
basic materials being greater than in any of the Feld- 
spars, and some of them, as the Black Mica or Lepido- 
melane, more basic than Augite or Hornblende, but not 
containing any notable quantity of Lime. 

This Black Mica is an abundant mineral in some 
Oranites, while in others the White Mica or Margaro- 
dite or Pearl Mica is still more abundant. This gene- 
rally has a greenishv tinge. Muscovite or common 
Mica* is more usually yellowish brown, and is so trans- 
parent, and occurs in such large plates in Siberia and 
other parts of the world, as to be used instead of win- 
dow glass. 

The Micas have various degrees of fusibility, but are 
all easily scratched with a knife. 

Having thus given a rough general account of the 
minerals that form igneous rocks, it will be easy to give 
a similarly general description of the rocks themselves. 

Lavas are divisible into two great heads. Trachyte 
and Dolerite or Basalt. 

The Trachytes are composed essentially of Feldspar 
alone, chiefly of Orthoclase or common Feldspar or one 

• This is sometimes called Talc in commerce, but the true 
mineral Talc is a very different substance. 
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of its sub-varieties. They have usually a rough prickly 
feel, even when fine grained. They are sometimes vesi- 
cular or scoriaceous {i. e., cindery), but more usually com- 
pact or crystalline, sometimes so highly crystalline as to 
be called porphyritic. They are sometimes dark gray or 
black, but often light-coloured grayish or greenish, or 
even vrhite. Pumice and Obsidian or Volcanic Glass 
are varieties of Trachyte. 

The Dolerites or Basalts are composed of a lime 
Feldspar and an Augitic mineral in equal or nearly 
equal mixture, with an addition sometimes of Iron in 
some form or other. These rocks are sometimes scon- 
form or vesicular, sometimes quite compact so as to 
look and feel smooth when broken open, and sometimes 
quite crystalline. They are commonly black, weather- 
ing brown, and are always heavier than the trachytes. 

Even when vesicular at top. Basalt is often quite 
solid and compact below, and it often becomes columnar 
in structure, making ranges of hexagonal or many-sided 
pillars, which are often divided across at regular inter- 
vals, the divisions fitting into each other with a ball 
and socket articulation. This columnar structure is 
assumed by other rocks also when passing from a fluid 
to a solid state, and by other substances, such as starch 
for instance. • 

Volcanic Ash or Tuff may be formed from either or 
both these rocks. It consists of the fragments derived 
from them during the progress of eruption, those frag- 
ments varying from large blocks down to the finest and 
most impalpable powder. 
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Traps are also divisible into two great heads, Fel- 
stone and Greenstone ; the Felstone being analogous to 
the Trachyte, and the Greenstone to the Dolerite. 

Felstone is composed essentially of Feldspar, with a 
variable mixture of Silica over and above that which is 
a constituent of the Feldspar. It is usually very smooth 
and compact, and of a pale colour, either green or gray, 
weathering white, though it sometimes is dark gray or 
blue. It sometimes discloses crystals or crystalline 
particles of Feldspar or Quartz, and even becomes quite 
crystalline or porphyritic. like some kinds of Trachyte 
it becomes sometimes nodular or concretionary, being 
made up of hollow or solid balls, and occasionally it 
becomes columnar like basalt. 

Cfreemtone is composed of a mixture of a Feldspar 
and a Homblendic mineral There are very many varieties 
of it, depending partly perhaps on the kind of Feldspar, 
but chiefly on the variety and abundance of the Hom- 
blendic constituent, or the occasional presence of some 
other mineral It is most commonly of a dark apple- 
green colour, but sometimes becomes black or mottled 
black and white, and occasionally the white is in larger 
quantity than the dark constituent. It is sometimes 
quite compact, so that it seems to be made of one sub- 
stance only, but at others becomes granular and crystal- 
line, the crystals occasionally getting large and distinct. 

The rock sometimes becomes rudely and largely 
columnar, the columns being only recognisable at a 
distance. 

Trappean Ash or Tujf is derivable fix)m either Fel- 
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stone or Greenstone, and vanes from a compact por- 
cellanic-looking rock, or a granular one, often decom- 
posing in flakes, to a rough breccia or conglomerate, 
i, e,, an assemblage of angular or rounded fragments, 
embedded in a powdery or fine-grained base. 

Granite, — Both Felstone and Greenstone, when 
they become crystalline, have varieties which seem to 
be intermediate between their ordinary state and some 
of the varieties of Granite. If indeed we add Mica to 
a crystalline Felstone, or Quartz to a crystalline Green- 
stone, either rock would become a Granite. The latter 
variety would be commonly called Syenite, which is a 
mixture of Feldspar, Hornblende, and Quartz. 

Granite proper consists of Feldspar, Mica, and 
Quartz, the Feldspar being in greatest quantity and 
always one of the most siliceous varieties of the mineral, 
namely, Orthoclase or Albite, with the addition of Oli- 
goclase in some Granites. • 

The Mica is either the white, green, brown, or black 
variety, or a mixture of two or more of them. 

Granite is always crystalline, but the crystals are 
sometimes large, sometimes minute, and it becomes 
sometimes porphyritic by the development of feldspar 
crystals much larger and finer than the rest. There 
are red, white, and gray varieties of Granite, according 
to the colours and relative abundance of the different 
minerals. 

A block of coarsely crystalline Granite is a very 
good one to teach the appearance of the commoner 
yarieties of the minerals. The Mica may be at once 
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distingoislied by its metallic lustre and by its being so 
easily split into flakes by the point of a penknife. 

The Feldspar crystals may be known by their being 
quite opaque but glistening^ and by their flat oblong 
faces. 

The Quartz is more glassy-looking and semi-trans- 
parent, which often gives it a gray look ; it occurs com- 
monly as irregularly-shaped particles or rough granules 
in the interstices of the other minerals. 

All the crystals, however, are so interlaced together 
and entangled with each other that it often requires 
dose examination to perceive them, and no one crystal 
is perfectly formed, the growth of each being hindered 
by that of its neighbours. 

Granite never has anything resembling Ash or Tuff 
connected with it, for although, like the Lavas and the 
Traps, it has come from the interior into the crust of 
the earth, and sends veins into the rocks it comes in 
contact with ; yet as it never was ejected out to the 
surface, but always cooled and consolidated at some 
considerable depth below, it could not have anything 
of the nature of ash connected with it, since ash con- 
sists of erupted fragments and particles. Granite is 
often an «rruptive rock, never an eruptive one. All 
granite now at the surface has been uncovered by the 
process called denudation, as will be explained here- 
after. 

The five principal kinds of igneous rock now spoken 
of vary greatly in grain, some having a perfectly glassy 
texture, as Obsidian, or an imperfectly glassy one, as 

D 
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)\K)i*tono, others being quite compact or shewing no 
A->n«blo crystalline particles, like some Felstone or 
j^^lt, while others shew crystalline grannies of many 
r^ious sizes. 

WHion one mineral exhibits large well-formed ciys- 
tAla in a finely granular or compact base, the rock is 
Mid to become porphyry or porphyritic. 

If there are large crystalline lumps disseminated in 
tho rock, like almonds scattered in a pudding, the rock 
is then said to become amygdaloid or amygdaloidal, from 
the Greek word amygdala^ an almond. 

Since Granite always consists of highly silicated 
minerals together with a superabundance of uncom- 
bined silica which appears in the form of Quartz, it is 
not unreasonable to look upon it as the parent mass 
from which all the other varieties of igneous rock have 
been derived by the addition of more basic materials. 
We may be allowed to take it for granted, that at a 
depth of a certain number of miles beneath the surfekoe 
a temperature would be met with sufi&cient to fuse the 
most siliceous Granite. If some of this were impelled 
by some force towards the surface, it may be supposed 
to meet with more or less of Alumina, Potash, Soda, 
lime, or Iron, which should act as a flux to the Silica 
and prevent its solidifying, until it worked its way up 
to a certain position in the higher parts of the crust, or 
even until it was ejected out on to the surface. Those 
parts which happened to come in contact with a small 
proportion of these substances would form the Felstone 
Traps and Trachytic Lavas, those parts which acquired 
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a larger proportion of basic matter would form the 
Greenstone Traps and Doleritic or Basaltic Lavas. The 
numerous intermediate varieties of traps and lavas, and 
the local peculiarities observable in them in some places, 
would be the result of the varying proportion of the 
materials which the igneous mass happened to meet 
with and absorb, or of its coming in contact with some 
repository of a different and peculiar substance. 

Note. — ^The Granite of some regions has had a rather 
different origin from that mentioned above, having been 
formed, in situ, from the partial or complete fusion, at a 
great depth, of other rocks which contained the elements 
of Granite. This Metamorphic (or altered) or Gneissoid 
Granite often differs somewhat in mineral composition from 
true irruptive Granite, being more basic, containing Oh- 
goclase Feldspar, as weU as Orthoclase, black Mica only, 
and perhaps less Quartz than the other. — {Professor Hangh- 
ton and Mr, K H. Scott in Journal of Geol. Soc., DvMin.) 



CHAPTEE IV. 

EASTHQUAKES. 

Connection between Volcanoes and Earthquakes. — 
Before the burstmg out of any great volcanic eraptioii 
it almost invariably happens that the neighbourhood 
is shaken by Earthquakes, as if by the struggles of the 
volcanic force to find a vent. 

It has also been observed that a succession of 
Earthquakes in one district have been closed by a 
great volcanic eruption in some neighbouring district. 

When the wreath of smoke disappears fix>m the 
summits of Tungaragua and Cotopaxi in the Andes, 
the inhabitants expect Earthquakes. 

During the great Earthquakes of Calabria in Feb- 
ruary 1783, the little volcanic cone of Stromboli ceased 
for the first time in the memory of man to shew signs 
of activity. In 1797 the volcano of Pasto in the Andes 
emitted a dense column of black smoke, which sud- 
denly ceased on 1st February, and immediately the 
city of Eiobamba was destroyed by an earthquake in 
which 40,000 persons perished (Daubeny, chapter 
xxxiii) 

Mr. Mallet in his British Association Catalogue of 
Earthquakes gives a map of the world, in which the 



EABTHQUAKES. 37 

districts known to liave been shaken by earthquakes 
are coloured brown, the tint being darker and darker 
in proportion to the frequency and intensity of the 
earthquakes known to have occurred. The darkest 
colours run along the ranges of mountains on which 
volcanic cones occur. No very darkly coloured district 
is entirely free from volcanoes, and no volcano is with- 
out the dark colour except two or three which, like 
those of Mount Terror and Mount Erebus in the Ant- 
arctic regions, occur in places of which we have no 
history, and only the bare knowledge of the fact that 
volcanoes exist. 

Frequency of Earthquahes, — Mr. Mallet's catalogue 
of all the recorded Earthquakes extends from 1606 
years before Christ down to a.d. 1842, and another 
has been made by M. Perrey of Dijon, which comes 
down to A.D. 1850. In these 3456 years there have 
taken place 6831 Earthquakes, of which records have 
been kept sufficient to enter into the catalogue. But 
of these, 3240, or nearly one-half, took place between 
A.D. 1800 and 1850, so that if we had had records for 
the whole time as nearly complete as we have for those 
50 years, the number during the last 3450 years would 
probably have exceeded 200,000. Even during these 
50 years many Earthquakes took place beneath the 
great Oceans, and in other parts of thg Earth where 
they were not felt by civilised man, and therefore no 
record of them was kept. It is only, in fact, within 
this century that our accounts from the remoter 
parts of the Earth have been sufficiently frequent to 
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enable ns to know iHien an Euthquake did take place 
in tfaenL 

ETen if we confine oor attention to the great Eaitli- 
qoakes we amve at simikr concliLsion& Mr. Mallet 
considers an Earthquake a great one which la fait over 
an area of 1000 or 1200 miles in diameter. If it is 
only felt OTer a space 400 nules wide he places it in 
the second dass, and in the third if it is not Mt 
over a greater space than 100 or 150 miles. Now of 
(/reat Earthquakes there are 216 recorded in the cata- 
logues, but 53, or nearly one quarter of these ooc&ned 
within the 50 years above mentioned. 

It appears firum these accounts that there is on an 
average at least one great Earthquake every year in 
some part or other of the world. But if we include 
all Earthquakes of sufficient importance to be recorded, 
it would appear that there are two every week. Ihir- 
ing the last four years of Mr. Mallet's catalogue, fiom 
1839 to 1842, he records 406 Earthquakes. We may 
very reasonably conclude that the reason why the 
number in these years was greater than in any previous 
years, was, not that there were more earthquakes, but, 
that they were more carefully and frequently recorded. 
Still many may have happened that were not known to 
us, because there was nobody in the districts where 
they occurred, capable of making a record of them* 
We may therefore feel ourselves safe in arriving at the 
conclusion that the Earth is, in some part or other of 
its surface, continually feeling the jarring motions 
and vibrations caused by some force in its interior. 
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This force is doubtless that of the great internal heat 
reacting in some way or other on the cooler outer 
crust. 

Fhcenomena of Earthquakes, — Mr. Mallet in the 
discussion of his Catalogue, and his great work on the 
First Principles ^f Observational Seismology, published 
under the auspices of the Eoyal Society, describes an 
Earthquake as a wave or succession of waves traversiug 
the crust of the Earth with immense rapidity. The 
actual "velocity of the shock," or movement of the 
ground at one spot, is very slow compared with the 
" velocity of transit" of the wave through the country, 
which is about half as rapid as the movement of a 
cannon shot, while the up and down movement of the 
ground is not quicker than that of a man jumpiug. 
This wave is transmitted from a subterranean region 
which Mr. Mallet treats as a focal cavity or rent, and 
it proceeds from that focus with equal velocity in every 
direction. The wave reaches the surface directly over 
the " focal cavity " in a vertical direction, along a line 
which Mr. Mallet calls the " seismic vertical," and of 
course strikes the surface more and more obliquely as 
we recede from that line, and with less and less force 
till it gradually fades away. By observing the direction 
of fissures in buildings and other indications, Mr. Mallet 
shews how it is possible to determine the direction and 
the angle of emergence of the wave path, and thus to 
calculate the position and depth of the " focal cavity " 
from which the wave proceeded. In his book before 
mentioned, he shews the application of these rules to 
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the Earthquake in Calabria in 1857, and arrives at the 
conclusion that the focal cavity or rent of that Earth- 
quake was beneath a district near the village of Cag- 
gian, about sixty miles ES.E. of Naples, its dimensionB 
being about 9 miles horizontal and 3 miles vertical, and 
its centre about 5i geographical miles, or 35,000 feet^ 
below the sur&ce. He calculates that the amount of 
the undulation of the surface was not greater than 3 or 
4 inches, with a velocity of 12 feet per second, bat 
that it travelled across the country at a rate varying 
from 700 to 1000 feet per second, according to the 
nature and form of the ground. 

Effects of EartJiquakes, — ^Volumes might be filled 
with details of the different effects of Earthquakes. Sir 
C. Lyell's "Principles of Geology," Dr. Dauben/s 
" Volcanoes," and Mr. Mallef s various papers contain 
the most striking accounts. 

In the Earthquakes of Calabria in 1783 the pave- 
ments of some of the towns were thrown into the air, 
and found afterwards lying bottom upwards ; the foun- 
dations of buildings and the brick lining of wells were 
partially ejected out of the ground. Long undulating 
fissures were formed, some of which remained open, 
some closed gradually, and some suddenly. Circular 
openings and radiating cracks also were produced. 

Great masses of earth and rock slide &om the difGs 
and from steep banks, and these great land-slips some- 
times dam up rivers and cause subsequent fioods. 

When Earthquakes originate beneath the sea^ the 
undulation of the coast is usually succeeded by a great 
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wave of the sea^ whicli rolls in upon tlie land and sweeps 
off all loose matters within its reach. 

Thegreat Earthquake of Lisbon happened onlSTovem- 
ber 1st, 1755. It seems to have originated under the 
ocean, a little to the westward of Lisbon, so that the 
wave heaved the ground obliquely, and upset the houses 
as if they were built of a pack of cards. It was felt 
more or less over all Spain, in Algiers, in Switzerland, 
Germany, France, England, Ireland, Scotland, Denmark, 
Korway, and Iceland, both by tremblings of the earth 
and by movements in the waters of lakes, rivers, and 
seas. In ten hours afterwards, the sea around many of 
the "West Indian Islands was greatly disturbed, rising 
and falling several feet for some hours. Lesser shocks 
were felt frequently in Portugal, Spain, and Italy, and 
the North of Africa, throughout that month and the 
next; and some considerable earthquakes also took place 
in North America, in Massachusetts, and New Hamp- 
shire. Shocks occurred frequently in or near the same 
area for several following years. 

The Earthquake which shook down Caraccas as if 
the houses had been built of cards, and convulsed all 
the neighbouring part of South America, happened on 
March 26th 1812. It was accompanied by a noise 
loader than thunder. The earth at Caraccas appeared 
like the surface of a boiling liquid. The shocks were 
more violent among the high Cordilleras than in the 
plains. They lasted for many days, and on April 5th 
the undulations of the ground lasted for many hours. 
At last, on April 24th, the volcano of St Vincent burst 
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into eraption for the first time for nearly a hnndred 
years, and the noise of it was heard at Caraccas, nearly 
500 miles oSy being conveyed, as Hnmbbldt supposed, 
through the ground. The movements in South America 
then ceased. 

In the great Earthquake of Eiobamba, on February 
4th 1797, the velocity of the shock was so great that 
Humboldt says the ^ explosive movement was such as 
is produced by the firing of a mine, and the bodies of 
several of the inhabitants were thrown upon the hill of 
La Cullca, which rises on the other side of the licon 
torrent." The actual range of vertical projection of these 
bodies has been calculated according to Mr. Mallet at 
100 feet, which he says would give a velocity of shock 
equal to 80 feet per second. 

Violent Earthquakes have occurred during the pre- 
sent century in Mexico, in the basin of the Mississippi, 
in India, in New Zealand, and many other parts of the 
world, all characterised by the same phaenomena. 

Our own islands are occasionally affected, not only 
by the vibration from remoter sources, but by earth- 
quakes of their own, as that of November 1848, which 
shook part of Ireland and England. 

At Comrie in Perthshire slight shocks have been 
repeatedly felt for several years, accompanied sometimes 
by the usual noises, like distant artillery, etc., and ap- 
pearing to run in a north-east and south-west direc- 
tion. 

Power of the Earthguake force. — Mr. Mallet assigns 
80)- geographical miles, or 185,000 feet as the limit of 
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depth at which any Earthquake originates. What- 
ever may be the depth of the impulse, however, we are 
compelled to attribute to it an almost inconceivable 
power, when we find it producing such effects as those 
just mentioned, over so large a portion of the earth's 
surface. A force that can heave a mass of rock many 
miles thick, and send an undulation, or even a sensible 
vibration through it, that shall be felt for 500 or 600 
miles around, must needs be one of which we can form 
no adequate conception. Its disturbing effect fades 
away as we recede from its centre of origin, both up- 
wards and sideways, so that terrible as may be the 
shocks felt at the surface, and destructive as they may 
be there to human buildings, or even to the rocks them- 
selves, they must be feeble compared with those pro- 
duced in the immediate neighbourhood of the originate 
ing impulse. The surface is protected from the full 
force of the disturbing agent by the thick shield of the 
earth's crust ; the dent, so to speak, on the part of that 
shield which first receives the blow, must be much more 
marked than anything produced by the vibration on 
its outer surface. The surface phsenomena of earth- 
quakes, then, may be looked upon as merely slight in- 
dications, of the amount of disturbance taking place 
below. 



CHAPTEE V. 

RISE AND FALL OF GROUND. 

We are so accustomed to see the waters of tlie ocean 
rise and fall with tlie tide, or in waves under the influ- 
ence of the wind, that if we find proof that a part of 
the dry land was once under the sea, our first natural 
conclusion is that the sea has sunk in its b^d. In 
like manner, if we find any part now covered hy the 
sea which we know was once dry land, we are more 
apt to suppose that the level of the sea has risen, than 
that the solid land has been depressed. 

A little reflection, however, will shew us that the 
mean level of the upper mirface of the ocean must be 
one of the most unalterable things in the world. By 
the mean level is meant that level which the ocean 
would have if it were at perfect rest, and there were 
no such things as winds, or tides, or earthquakes. 

Suppose we have a basin full of water up to a 
certain mark, and we propose to raise the surface of 
the water above that mark, we must either add more 
water or we must lessen the capacity of the hollow in 
which it lies. To do the latter, we must either sup- 
pose the walls of the basin compressible and squeeze 
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in the lower part of it, or we must put some other 
solids into the basin. 

In like manner, if we wish to bring down the level 
of the water in the basin below the mark, we must 
either take some of the water out of it, or we must 
enlarge the hollow in which it lies. 

So long as the quantity of water remains the same, 
then, we can only permanently raise or lower the level 
of its surface by altering the shape and capacity of the 
basin in which it lies ; in other words, to e£fect a per- 
manent change in the surface of the fluid, we must alter 
the form or position of the solid which contains it. 

This is equally true whether the basin spoken of 
be a slop-basin on the tea-table, a pond in a garden, a 
lake, a sea, or the ocean. 

Jfy then, we can shew that any change has taken 
place in the relative level of land and sea, we may feel 
sure that it is the land which has moved, and not the 
sea, unless we resort to the highly improbable suppo- 
sition that a sufficiently large quantity of water has 
been bodily added to, or removed from, the earth, to 
produce the effect. 

Even if that had taken place, it is clear that the 
permanent rise and fall of the water must have been 
equal all over the globe, for there is but one great ocean, 
of which such inland seas as the Mediterranean, and 
Black Sea, and the Baltic, are but branches. Truly 
inland seas, such as the Dead Sea and the Caspian, are 
in reality salt lakes which have no connection with the 
ocean. We cannot imagine a rise in the level of the 
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Mediterranean or the Baltic without a cnirent imme- 
diately running out into the Atlantic ; or a fiedl in those 
teas without a current immediately setting in, so as to 
equalise the level of the adjacent connected waters. 

I^ then, we find that on one part of a coast the 
rocks which were once below the sea are now above it, 
but that no such change has taken place in another 
part of the coast ; still more, if we find that in some other 
part rocks that were once above it are now below it, wb 
have the most convincing proof that it is the rock that has 
moved above or below its former level, and not the sea. 

Movements of elevation and depression in the crust 
of the globe take place sometimes during earthquakes, 
sometimes without them, the motion in the latter case 
being quite gradual and imperceptible, except by its 
results. I proceed to select a few instances of each 
kind of motion, chiefly from Sir Charles Lyell's Prin- 
ciples of Geology. 

Elevation and Depression during Earthquakes — 
South America, — One of the great earthquakes which 
so frequently shake the western coast of South America 
happened on the 20th of February 1836, and we have 
accounts of what took place then from three most trust- 
worthy witnesses, Mr. Caldcleuch, Mr. Darwin, and 
Admiral (then Captain) Fitzroy. It was felt in all 
places between Chiloe on the south, and Copiapo on 
the north, a distance of more than 1000 miles, and 
between the city of Mendoza on the east, and the 
island of Juan Fernandez on the west, a distance of at 
least 600 mUes. It affected, then, an area of 600,000 
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square miles, a space equal to the British Islands and 
France and their adjacent seas. Admiral Fitzroy was 
at Talcahuano, the port of Conception, and he says 
that after the earthquake there was a helt of coast four 
or five feet in height, which, even at high water, shewed 
beds of dead mussels and shell-fish like limpets, and 
withered sea-weed, aU still adhering to the rocks. This 
raised beach gradually sank again until the part above 
high-water mark was not more than two feet high. 
The small island of Santa Maria, 25 miles south-west 
of Conception, was visited by Admiral Fitzroy in March 
and April, and he found the southern end of the island 
had risen 8 feet, the middle 9, and the northern ex- 
tremity 10 feet, the island being seven miles long. On 
steep rocks, where vertical measures could be taken, 
beds of dead mussels adhering to the rocks were found 
10 feet above high water mark Before the earthquake 
a rocky flat, just covered by the sea, with a few rocks 
only appearing, stretched round the northern part of the 
island. After the earthquake this was aU dry, with acres 
of dead shell-fish, the stench of which was abominable. 

The soundings all round the island had also been 
diminished in the same proportion, the whole sea having 
become shallower in consequence of the lifting up of its 
bed. 

This elevation did not extend over the whole area 
shaken by the earthquake, as in some part of the coast 
no change was perceptible. 

Mr. Darwin says that simultaneously with this 
earthquake a train of volcanoes in the Andes opposite 
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Cbiloe burst into eruption and continned active finr 
twelve months, and that the ground near them was not 
shaken at all, the disturbing force being apparently re- 
lieved by the eruption. 

This is only one of many similar cases that have 
happened in this century in the same country. In the 
earthquake of 1822 it was supposed that 100,000 square 
miles were lifted up from 2 to 7 feet, and the rising 
was thought to be even greater in the interior of the 
country, in consequence of some water-courses running 
more rapidly, or down a steeper slope, than they did 
before. Mrs. Graham, who was one of the describers 
of the effects of this earthquake, after mentioning the 
raising of the beach near Valparaiso, says that she 
observed several other Hues of older raised beach one 
above and beyond another, parallel to the shore, the 
upper one being 50 feet above the sea. 

Mr. Darwin in his " Geological Observations on 
South America," describes the beds of sea shells which 
he found at various heights above the sea, both on the 
east and west coasts of South America. Near Valpa- 
raiso he found them up to an altitude of 1300 feet, 
those at the lower levels being fresh, but those at 
greater heights being more and more brittle and de- 
composed from having been so much longer exposed to 
the weather. They were embedded in a reddish mould, 
which, when examined by the microscope, was found 
to be partly made up of minute fragments of sea 
urchins and other marine animals, shewing it to have 
been the old sea bottom. The mould, when crushed. 
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emitted a smell like guano. He got evidence that 
besides sndden elevations during earthquakes, there had 
been a slow and imperceptible movement of elevation be- 
tween the earthquakes, and it appeared most probable that 
the elevation had been greater inland than on the coast. 

While he found shells up to 1300 feet near Valpa- 
raisOy he did not find them at greater heights than 350 
feet southwards in Chiloe, or 250 or 300 feet north- 
wards, towards Coquimbo, or at CaUao near lima. At 
the latter place, indeed, subsequent depression seemed 
to have occurred. 

Judging by the cltfife and terraces formed by the 
erosion of the sea on both sides of the continent, there 
must have been long pauses in the movement, during 
which the land remained stationary, and was eaten into 
by the sea waves. 

Eaised beds of sea shells were found starting from 
Eastern Tierra del Fuego for 1180 miles northwards 
along the eastern coast, and 2075 miles along the 
western. For a length of 775 miles they occur in the 
same latitudes on both sides. 

Altogether it is probable that the shores of the 
Pacific have been lifted up, recently in a geological 
sense, from lima, southwards, for 2480 nautical miles, 
a distance equal to that &om the Bed Sea to the North 
Cape of Scandinavia, part of the elevation having 
certainly taken place while the country has been in- 
habited by man, and being even now going on. — 
{Geological Observations on South America, by C. 
Darwin, London, 1846, chap. iL) 
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CtUch, — On the south-east side of the delta of the 
Indus there is a district called Cutch, between Sinde 
and Goojerat. In June 1819 it was shaken by an 
earthquake which ruined the principal town Bhooj, and 
was felt far into India. After the earthquake a tract 
of land, 2000 square miles in area, was overflowed by 
the sea and made into a salt lagoon, while along the 
northern margin of this tract a belt of land, 50 miles 
long and 10 to 16 miles wide, that had been previ- 
ously a dead flat, was raised into a ridge 10 feet high. 
The inhabitants called this the Ullah Bund, or " mound 
of God." 

New Zealand, — A great earthquake happened in 
New Zealand in the year 1855, after which it was 
found that the tide did not run up the river Hutt, on 
the north side of Cook's Straits, so far as it did before 
by five miles, while on the south side of the Straits it 
ran five miles further up the river Wairua than it did 
before, shewing that the land had risen on the north 
and sunk on the south side of the Straits. 

A letter quoted by Mr. Mallet gives the vertical 
elevation at four or five feet, the maximum being at the 
Eainatuka range, near Port Nicholson, and dying away 
to nothing at Wangama on the west coast, and Castle- 
point on the east. 

Sir C. Lyell states, on the authority of Mr. E. 
Eoberts, RE., that a line of fracture (called a fault by 
geologists) was shewn at the surface, running at least 
90 miles from south to north — ^the older rocks on one 
side of this line being lifted to a maximum height of 
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nine feet, while the more modem (tertiary) rocks on 
the other side of it remained unmoved. 

Movements without Earthquakes, — In speaking of 
South America, it was mentioned that Mr. Darwin 
found good reason to believe that the elevation of the 
land took place not only by jumps and starts during 
great earthquakes, but also slowly and imperceptibly 
in the intervals between the earthquakes. It also 
appeared that intervals of movement had alternated 
with intervals of rest, and movements of elevation with 
movements of depression in some parts. 

We have now to learn that in some parts of the 
world where no great earthquakes have happened 
dtiring the periods of history, there have, nevertheless, 
been slow and imperceptible movements of the land. 

The two best instances of these are the elevation of 
Scandinavia and the depression of parts of Greenland. 

Scandinavia, — ^The rise of Scandinavia was noticed 
by Celsius early in the last century, and subsequently 
by Lumseus, but erroneously attributed to the fall of 
the sea. Von Buch in 1807 was convinced that the 
whole country was risiag, Sweden perhaps more than 
Norway, and the northern more than the southern 
parts. 

As there are no tides within the Baltic, and the 
coast is made of hard rocks and fringed with numerous 
islets, it is peculiarly favourable for making exact ob- 
servations on the relative level of the land and sea. 
South of Stockholm no rise is perceptible in the land, 
and it appears that there has even been depression; for 
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at Malmo, at the southern point of Sweden, a high 
wind blows the sea-water over one of the streets, and 
excavations have shewn the sor&ce of older streets at a 
depth of six or eight feet lower. 

North of Stockholm, however, the elevation is 
ob\ioas, the fishermen and pilots are all aware of it^ 
although they attribute it to the £bl11 of the sea. Ckxn- 
stantly passing in their boats in the shallow water 
among the islets they become minutely and accoiately 
acquainted with the depths of the channels, and the 
size and form of the rocks, and they find the ftbaiiTifllg 
become shallower or actually dry, the rocks higher 
out of the water and connected by reefs, the detached 
islets united into larger islands, rocks formerly covered 
shewing their heads above water, and all the other 
necessary indications of the rise of the rocky bottom of 
the sea above its surface. The officers of the govern- 
ment pilot establishment have had marks cut in the 
hard rocks at a certain height above the sea-level, and 
these have been found afterwards to be higher above it 
than when they were cut. The movement is not ex- 
actly equable, and elevation appears in some cases to 
have alternated with depression, but it is believed that 
the land is rising at a rate of a few inches in a cen- 
tury a little north of Stockholm, and more rapidly the 
further we go north, tiU it amounts to five or six feet 
in a century about the North Cape. 

That it has been going on for many centuries is 
shewn by the existence of great beds of sea shells many 
miles in the interior of the country, and at heights 
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of as much as 200 feet above the sea. M. Alex. 
Brongniart, on removing part of a bank of shells which 
rested on gneiss at a height of 200 feet above the sea, 
near XJdevalla, found barnacles still adhering to the 
rocks ; and Sir C. Lyell in 1854, at Kured, 2 miles 
north of Udevalla, also found them at a height of 100 
feet above the sea, and was able to break off pieces of 
the rock with the barnacles stiU adhering, and the rock 
still coated with marine polyzoa (cellejpora), with which 
the rocks now beneath the sea are often encrusted. 

These beds of sea shells have been found 60 miles 
from the North Sea, and 200 feet above it, on the northern 
borders of Lake Weiner, and 70 nules from the Baltic, 
on the shores of Lake Maeler, so that much land must 
have been added to the country within a comparatively 
recent period. 

The space over which indications of the rise of land 
have been traced is more than 1000 miles across. 

Greenland, — Captain Graah of the Danish navy, 
and Dr. Pingel, surveyed the western coast of Greenland 
between the years 1823 and 1832, and arrived at the 
conclusion that the land had been sinking for the last 
four centuries between Igaliko in 60° 43' N. lat., and 
Disco in 69°, a space of 600 miles. " Ancient build- 
ings on low rocky islands have been gradually sub- 
merged, and experience has taught the aboriginal 
Greenlander never to build his hut near the water's 
edge. In one case the Moravian settlers have been 
obliged more than once to move inland the poles upon 
which their large boats were set, and the old poles 
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still remain beneath the water as silent witnesses of the 
change." 

Mediterranean, — Sir C. Lyell also shews that simi- 
lar changes have taken place in the Mediterranean. The 
three upright pillars of the temple of Jupiter Serapis, 
near Puzzuoli, have been depressed to a depth of 19 
feet below the sea, to which height they are bored fdU 
of holes made by a species of marine mollusc, and have 
since been lifted up again into dry land. 

He states also on the authority of Captain Spratt, 
R.K, that the island of Candia (anciently Crete), which 
is about 135 miles long, has been elevated at the 
western end about 2^ feet, so that old ports or docks 
are left high and dry, while it has been depressed at the 
eastern end, so that the ruins of old Greek cities are to 
be seen beneath the water. 

Difficulty of proving Depression, — ^When rock is 
lifted up above the sea, it will be very likely to bring 
up with it the proofe of its having been formerly below 
water ; but when that which was once dry land sinks be- 
low the sea, it shortly becomes altogether removed from 
our inspection, and in the absence of historical records 
we can have no evidence of its former existence. 

Taking natural evidence only then, elevation will 
always appear to have been more general than depres- 
sion, in most parts of the Earth. Within some parts of 
the tropics, however, we have in coral reefe a very sin- 
gular natural standard by which to measure the amount 
of depression, as will appear in the next chapter. 

General Conclusion, — Combining all the evidence. 
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of which a few isolated examples have been here given, 
and taking into account that presently to be derived 
j&om the form of coral islands, we arrive at the conclu- 
sion that the crust of the Earth is in frequent if not in 
constant movement in some part or other ; large parts 
remaining stationary for long periods, while others are 
being elevated, and others again depressed. 

We know that the sea, with its present level, has 
once flowed over the spots now occupied by our loftiest 
mountains. On the other hand there is nothing im- 
probable in the behef that land once existed where now 
the deepest parts of ocean are to be found. Mr. Dar- 
win observes of the earthquake which he felt near 
Valdivia in 1835 : ^* It was something like the move- 
ment of a vessel in a httle cross ripple, or still more 
Hke that felt by a person skating over thin ice which 
bends under the weight of his body. A bad earth- 
quake at once destroys the oldest associations; the 
world, the very emblem of all that is solid, has moved 
beneath our feet like a crust over a fluid." 

The Geologist, as he pursues his studies, learns to 
generalise this feeling, and to apply it to the whole 
crust of the Earth during all geological time. He finds 
that it always has been, as it now is, utterly unstable, 
rising here and falling there, with long slow undula- 
tions, ever shifting under the liquid Ocean, and moving 
it from place to place, as parts of its old bed are lifted 
up above its surface, and new hollows formed by the 
sinldng of other shores. 



CHAPTEE VI. 

BOCKS FORMED OF ANIMALS AND PLANTS. 

Carbon, — ^In addition to the substances described in 
Chapter III., we must now say a word or two more on 
the substance called Carbon, which was there passed 
over slightly. 

The crystal of pure Carbon is the Diamond, which 
according to Sir D. Brewster may be only a crystallized 
gum. When in an earthy state pure Carbon forma 
Graphite or Plumbago. 

Carbon is the principal constituent of wood or 
vegetable matter, the rest of its substance consisting 
chiefly of Oxygen and Hydrogen with a little Nitrogen, 
the Oxygen and Hydrogen being chiefly combined in 
the form of Water. 

Peat, Lignite, and Coal, are made of the same 
materials as Wood, each containing a larger proportion 
of carbon, in the order in which they are named, in 
consequence of the gradual abstraction of the other 
substances in liquid and gaseous forms during the 
decomposition of the vegetable matter. 

Carbon also enters into the composition of animal 
matter, but animals are more varied in their composi- 
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tion than vegetables, and their carbon is principally 
combined with other substances. 

Carbonic Add, — Carbon, when combined with two 
proportions of Oxygen, forms Carbonic Acid, a sub- 
stance nniversally diffused in small quantities through 
the atmosphere, and through all rain, spring, river, and 
sea water. Animals, when respiring, cause some of the 
inhaled Oxygen to combine with some of their Carbon 
and give out Carbonic Acid. Vegetables secrete the 
Carbon from the Carbonic Acid, and give out the 
Oxygen that was combined with it j they thus mutually 
serve each other and keep up the balance in the 
atmosphere in which they Kve. 

Carbonate of Lime. — Carbonic Acid combines with 
the earth Lime to make Carbonate of lime, which is 
the principal substance comprising the hard parts of 
most animal bodies. In bone, indeed, there is more 
Phosphate than Carbonate of lime, but all shells, and 
the hard cases or crusts of crabs, shrimps, and lobsters, 
the shells or cases of sea urchins, and the bodies called 
corals or madrepores, and all similar animal structures, 
are composed chiefly of Carbonate of lime. 

But this is the identical substance of which Chalk, 
Statuary Marble, Oolite, and all limestones, whether 
hard or soft, are also composed, and most limestones are 
obviously full of the remains of shells and fragments of 
animals such as those spoken of above. Many limestones, 
indeed, can be seen by the naked eye to be completely 
made up of such fragments, and these facts alone might 
induce us to look to the Animal Kingdom as the source 
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from whicli all limestones must be derivecL Wlien a 
calcareous or limestone rock is exposed to the action of 
water containing Carbonic Acid, it is found to be dis- 
solved by it, because, as it is supposed, lime, in com- 
bination with an additional proportion of Carbonic 
Acid beyond that which makes the simple Carbonate, 
cannot exist in a solid state. All springs and riveis, 
then, which pass through any calcareous rocks, contain 
lime combined with Carbonic Acid, in a fluid state. 
The most clear and sparkling waters often contain a 
quantity of dissolved limestone, just as the sea con- 
tains a quantity of dissolved salts and other matters^ 
and both may be made by evaporation to deposit their 
contents in a solid form. 

Stalactites and Travertine. — Water trickling 
through the roofs of limestone caverns and partially 
evaporated as it falls, deposits the previously dissolved 
limestone it contained, in the form of Stalactites and 
Stalagmites, and brooks and rivers when broken into 
spray, in like manner deposit masses of limestone called 
Travertine or Tiburstone. Encrustations are made in 
this way both naturally and artificially, and the sub- 
stance deposited is precisely the same as that of 
statuary marble, and is often just as crystalline, and 
will take as high a polish. 

Animal Life. — Much of this dissolved limestone, 
however, is of course carried down into lakes and seas, 
and is there used up by the aquatic ftTiimftla who 
secrete it from the water, and, by the hidden and 
mysterious chemical processes of their vital action, re- 
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solidify it in the hard parts of their own bodies, just 
as we make the bones of our own skeletons out of the 
substances we eat and drink. 

The lower and minuter kinds of animals make up 
for their smallness and apparent insignificance by their 
immense abundance, and this is true especially of 
those animals that live in the water, and most especially 
of marine animals. Few persons form any adequate 
conception of the variety and numbers of animals that 
live in the sea, though Spenser, with a Poet's sagacity 
supplying the place of a ^Naturalist's knowledge, had 
long ago a true notion of it. 

"0! what an endlesse worke have I in hand, 
To count the seas abundant progeny, 
Whose fruitful seede fane passeth those on land. 
And also those which wonne in th' azure sky ; 
For much more eath to tell the starres on hy, 
Albe they endless seeme in estimation, 
Than to recount the seas posterity ; 
So fertile be the flouds in generation — 
So huge their numbers, and so numberlesse their nation." 
Faery QiLeene, Book iv., canto xiL 

The lower orders of life, especially, such as the 
small Ehizopods (root feet) and larger Actinozoa (ray 
animals) produce results which would at first be 
thought impossible. 

Among the Ehizopods are the flTn'mflla formerly 
known as Foraminifera (hole bearing)^ now called 
Reticularia (net like), which secrete Carbonate of 
lime, while others called Polycystinse (many vesicles) 
secrete Silica or flint. 
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The Actinozoa include flome of the animals formerly- 
called Polyps. The Actinia or Sea Anemone may be 
taken as a type of them, so far as the kind of animal is 
concerned ; but those to which our attention is now 
called secrete Carbonate of lime in the interstices of 
their fleshy or gelatinous parts, and form those stony 
masses which are known as Madrepores or Stony Corals. 
The animals which form the Ked Coral and the Sea 
Fans, and other similar productions, form a separate 
class of the same sub-kingdom. — (See Professor Reay 
Greeners ManimU of the Ocdenterata and Protozoa.) 

This sub-kingdom is now known as the Cojlenterata 
(hollow insides)y the animals belonging to it being mere 
little digestive sacs or stomachs with a few external ten- 
tacles to enable them to keep their insides supplied with 
food. Those that form true Corals are united together 
into a common body by a kind of gelatinous mass, in 
which the individual cells are embedded. This common 
mass also secretes Carbonate of Lime forming the frame- 
work of the coral, while the individual cells secrete the 
plates of the radiated orifices with which the corals are 
studded. 

This union of a number of individuals into a com- 
mon mass also takes place among some of the animals 
belonging to a higher sub-kingdom, namely the Mol- 
lusca. The bodies known as Eetepora or Lace Coral, 
and those called Flustra and Eschara, some of which may 
often be seen coating shells and stones on the sea-shore 
with a delicate, pearly, frostwork, like very fine lace, 
are examples of these. This class of animals was at 
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one time called Bryozoa, or " mosa animalSy^ but it is 
now known as the Polyzoa or " many animals.*' 

Coral Reefs. — The compound bodies of the coral- 
forming Actinozoa are analogous to those of trees or 
shrubs. The stem and branches of a plant make a 
common body, from which the buds, which are the 
individual plants, spring in the first instance, but ulti- 
mately combine with it and extend it. In the same 
way corals consist of individual polypes imited in a 
common body or trunk with or without branches and 
stems. Each genus and species of Coral has a pecu- 
liar character in its trunk or body by which it may be 
recognised, as well as by the form of its polype cells, 
just as a tree may be recognised by its leafless stem and 
branches as well as by its leaves or flowers. 

Some genera of Corals, as the Maeandrina or Brain- 
stone, form great masses or stools, which in some spe- 
cies become 8 or 10 feet in diameter; others, like Por- 
ites, make huge, shapeless banks of stone, 20 or 30 feet 
across, or even larger ; while others again form cups or 
undulating plates, or shrub-like clusters of branches, 
ending in pointed twigs or in rounded knobs. These 
masses, of whatever form and size they may be, have 
only their external film in the living state, each suc- 
cessive layer as it dies being covered with a new living 
growth, the continuation of the cellular structure be- 
low. The living parts often glow with brilliant colours, 
pink and purple, yellow and brown, and in one species 
a rich blue, but the dead portions are of the dull white 
we see in our museums. 
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There are some kinds of these stony corals which liye 
in our own and other extra-tropical seas, and are found 
at a depth of one or two hundred fathoms. The great 
reef-making corals, however, cannot exist in water that 
ever falls helow SG^" F., and are, therefore, confined to 
within a slight depth of the surface of intrartropical seas, 
and even to those parts of them which are never invaded 
hy currents of water colder than 66° F. (Dana's Coral 
Eeefs and Islands). For this reason among others there 
are no coral reefs on the west coast of South America. 

The variously-coloured corals also douhtless require 
light in order to flourish in perfection. 

The limits of depth at which these reef- making 
corals live are variously stated at from 30 feet to 30 
fathoms. According to my own experience I should be 
most inclined to assign the lesser depth, but every one 
now agrees that Hving reef-making corals do not exist 
beyond the greater one. 

Coral reefs, however, are not composed of corals 
only. Shells of all kinds abound in and about them, 
from the smallest and most delicate up to the huge 
Tridacna (or gigantic clam, as it used to be called), a 
bivalve shell, of which each valve is sometimes 5 feet 
long, 3 or 4 wide, and at least a foot thick. Crustacea 
and Echinodermata also live about coral reefs in count- 
less myriads, but their bulk would be probably sur- 
passed by the Ee'ticularia or Foraminifera. In dredging 
inside the Barrier reef of the north-east of Australia in 
depths of 15 or 20 fathoms, I often used to bring up 
bagful after bagful of a kind called Orbitolites, flat cir- 
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cular calcareous bodies about the size of a fourpenny 
piece, or from that to a shilling, and the sand on the 
shores of the mainlands and islands often consisted of 
nothing else but those bodies. 

All these and many other kinds of animals separate 
the Salts of lime, particle by particle, from the ocean, 
and contribute after death the solid parts of their 
bodies to the bulk of the reel 

The large solid corals, such as the Porites, the Msean- 
drina and Astrsea, grow chiefly along the outer margin 
of the reef, where the surge of the ocean roars over 
them in continual breakers. 

The more delicate branching Madrepores, and cup- 
like Explanaria and other forms, live either in the 
protected cavities of the outer margin, or in the lagoons 
or channels within the reefs. 

As in each individual coral the living part is only 
the external film, so in the coral reef the living corals 
are only found in these superficial parts, chiefly on the 
mere margin of the reef. A coral reef is, in this re- 
spect, something like a great peat bog, which is formed 
of living moss only just at the surface, the mass be- 
neath being composed of the old dead layers. 

The mass of a coral reef, except in these partial liv- 
ing films on the surface, is a solid rock, a coarse gray 
limestone, sometimes granular, but sometimes quite 
compact or even partially crystalline. ' This coral rock 
is often as hard as any of the limestones of our conti- 
nents, and except that it is occasionally porous or caver- 
nous, makes as good a building stone. 



64 ROOKS FOBlfED OF ANIMALS AND PLANTS. 

It consists in some places of corals in the position 
of growth, but these are all embedded in coral grains, 
and appear to be melting, as it were, into the surround- 
ing parts, so that their original form can hardly be 
discerned. Some large masses of coral rock are so en- 
tirely composed of small rounded grains derived from 
the waste of corals and shells, that all trace of their 
origin seems lost. Dr. Dana describes great beds of 
coral rock in some raised reefe as quite destitute of any 
fossil shells or corals in a recognizable form, a state- 
ment which I can fuUy corroborate from my own obser- 
vation. Large masses of limestone, then, may owe 
their origin entirely to the action of animal life, and 
be altogether composed of materials derived firom 
the hard parts of animals, and yet shew no more appa- 
rent trace of their origin than if they were beds of sand- 
stone. 

Other beds, however, are full of shells or fragments 
of corals. 

A coral ree^ then, is mainly composed of triturated 
pieces derived from the destruction of its living mar- 
gins, where the places of the corals destroyed are con- 
tinually taken by fresh growths. 

If the slope of the rocks below water be steep, the 
corals cannot grow feu: out from the dry land, but if the 
slope be gentle they make a wider fringe of coral reef 
round the coast, the outer limit of the reef obviously 
being decided by the depth of the water. A reference 
to Fig. 4 will make this evident at once. Let the line 
S S represent the surface of the sea, and the line F F 
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any depth below it at which corals cease to grow, and 
let A B and C D represent the snrfiace of two lands of 
solid rocky A £ having a steeper slope than C D. 

Then suppose the submarine slope of those lands to 
be covered with a growth of coral from the beach at R 
down to G in each case, or to as great a depth as they 
can live, and suppose them, by the continued death of 
one layer and the growth of a layer above, to accumu- 
late the reef E E G, it is obvious that the reef will 
be much wider off the gently sloping land C D than 




Fig. 4. 



it is off the steep one A £, the distance of the outer 
edge of the reef E, from the shore at E^ altogether de- 
pending on the slope of the original rock below water. 
The outer edge of the reef, then, as it runs along 
the shore, would be like a line of soundings in a chart, 
and mark the position where a certain depth occurs 
immediately outside it. This relation between the 
width of the surface of the reef and the depth of 
water outside it, when once established, leads to very im- 
portant consequences. 
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Suppose the land in Fig. 4, either A B, or C D, 
were to subside vertically, so that after the reef had been 
completed up to the surface it was let down a few feet 
under water and then left stationary for some years, 
the corals on the surface of the reef would grow and 
flourish, and again complete the reef up to the sur- 
face of low water. Or if the subsidence were to be con- 
tinual, but so slow as not to surpass in amount the 
upward growth of the coral, it is obvious that the 
depth of water over the living surfece of the reef 
would never be materially greater, whatever might be 
the depth ultimately attained by the rocky base on 
which they first commenced to grow. The height 
G E of the reef at its outer edge might be indefinitely 
increased, and the width E E^ to which the inner 
parts of the reef were extended over the sinking 
land, would be correspondingly increased according 
to the angle of its slope, but the great masses of coral 
would still continue to flourish about its outer mar- 
gin, and at various parts inside where circumstances 
were favourable to them. If the subsidence were very 
slow and gradual, the annual waste of the hard parts 
of the corals and other animals swept by storms and 
currents over the inner surface of the reef would fill 
up its interstices and make it firm and solid rock, such 
as we find the great coral reefs to be. 

This principle of the gradual sinking of the land 
and the upward growth and increase of the corals, 
especially on the outer margin of the reef, enables us to 
explain the origin of these greater coral reefe, which are 
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much more remarkable than the mere fringes of coral 
which run along many tropical shores. 

Barrier Reefs and Atolls, — The Fringing reefs just 
described might be expected to form on all tropical 
coasts where no cold currents reached them, and no 
muddy rivers emptied themselves. 

There are, however, many islands in tropical seas in 
front of which coral reefe are found at a distance of 
many miles from the beach of the dry land, their outer 
edge being nearly dry at low tide, but plunging steeply 
down into fathomless water, while a broad navigable 
channel or lagoon of much less depth, and often encum- 
bered with inner reefs, extends between this outer edge 
and the shore. These are caUed Barrier reefs. 

Other coral reefs are found without any high land 
or any rock whatever, except coral rock, visible about 
them, the only dry land being mere banks of coral 
sand, the debris of the reef itself heaped by the waves 
upon it. These have generally the form of great 
rings or loops of reef surrounding a lagoon of water ; 
the depth of the ocean outside being very great, 
often unfathomable, while that of the lagoon inside 
varies from five to fifty fathoms. These are called 
Atolls. 

Some Atolls have an unbroken outer margin, so 
that there is no entrance into the lagoon, others have 
many breaks or entrances in the outer reefs, so that the 
lagoon becomes a harbour. Barrier reefs in like man- 
ner have sometimes an outer margin unbroken for 
many miles, while sometimes the individual reefs on 
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the outer edge are broken "by numerous passages with 
water of 20 or 30 fathoms depth, leading into the 
navigable channels between the outer reefs and the 
land. 

AtoUs are of all sizes, and almost of all shapes, 
varying from half a mile to 50 or 60 miles across ; 
sometimes nearly circular, sometimes long and narrow, 
or curved, or indented, in various ways. Barrier reefe 
conform generally in outline to the shore of the land 
of which they are the barrier, but they always come 
closer in shore where the land is high and steep, while 
where it is low and gently sloping, they recede from 
the shore. Here we again perceive the analogy between 
the line of reefs and a line of soundings of any given 
depth. 

Mr. Darwin, during his voyage as Naturalist to 
H.M.S. Beagle, between the years 1836 and 1840, was 
the first to explain the way in which Barrier and Atoll 
reefe had been formed from ordinary Fringing reefe, 
on the principle of depression of the land just now 
alluded to. 

The outer edge of a Barrier reef marks the position, 
very nearly, of the outer edge of the original Eringing 
reef that grew along the shore when the land was at a 
higher level, or much more out of the waier. As the 
sloping land slowly subsided, the sea would necessarily 
flow fjEurther and ferther over it, and the shore would 
therefore recede ferther and farther frx)m its old line. 
The corals, however, grew vertically upwards or nearly 
so, so that the outer edge of the Barrier is not fer from 
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being directly over the Fringing reef that ran along the 
old line of the shore. The outer edge of the reef grows 
nearly vertically, because it is there where the most 
solid and massive corals flourish best, those best adapted 
by their form to resist the force of the breakers. Even 
these, however, are torn from their places, and rolled 
up on to the reef during occasional storms, but then 
they are often covered and protected there by a smooth 
stony coating of vegetable origin called Nullipora, which 
is sometimes 2 or 3 feet thick. The inner lagoon is 
partly filled by a more delicate growth of coral, and 
partly by the debris derived from the continued destruc- 
tion of all the dead parts of the reef by the breakers 
and currents of the water. 

If the Barrier reef entirely surround an island, and 
the depression of the sea bottom be continued till the 
summit of the old island sink beneath the sea, while 
the corals still continue growing up to the surface, 
the Barrier becomes converted into a mere ring of 
coral, or Atoll, surrounding the lagoon or space of 
water which now extends completely over the sunken 
land. 

This internal lagoon is itself often encumbered by 
inner reefs of coral growing on banks formed of coral 
sand and debris, or perhaps springing from some of the 
last disappearing pinnacles or crags of rock. 

In Fig. 6 a rude attempt is made to illustrate this 
change by drawing successive lines, S S, S S, to represent 
the surface of the sea at different periods, as if the sea had 
risen instead of the island and sea bottom having been 
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Let the shaded part be taken as the section 
of an island, and let the lowest line, S S, represent the 




Fig. 6. 
Conversion of a Fringing reef into a Barrier, and that into an AtolL 

surface of the sea at one time, and let the two dark 
patches F F, represent the section of a Fringing coral 
reef which grew in the shallow water all round the 
island. 

Then suppose the island to sink slowly and gradu- 
ally so that the sea flows more and more over it from 
time to time, as indicated by the successively higher 
lines S S, the corals still growing and accumulating 
upwards. The reefs will at once begin to form a 
Barrier round the sinking island, which will be main- 
tained through all the spaces marked B B; and al- 
though the total distance from side to side of the reefs 
gradually diminishes, yet as the rocky land contracts 
at a greater rate, the width of the reef is comparatively 
larger until we reach the highest B B, when the last 
little point of land disappears. After that the Bar- 
rier becomes an Atoll, A A, or ring of reef without a 
central island, unless it be a bank upon an inner 
reef perhaps. Small islets form, however, on the 
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reef itself in consequence of banks of sand being 
thrown up by the waves. These become gradually 
covered by vegetation, and eventually by groves of cocoa 
nuts or other trees, and many of these little quays in 
the great ocean ultimately become the home of Man. 

Since the publication of Mr. Darwin's book on 
Coral Eeefs in 1842, no one has doubted that this is a 
true history of the formation of Barrier reefs and 
AtoUs. The Barrier is proof of the former greater 
extension of a land that has partially sunk. The 
Atoll is the tomb and monument of an island alto- 
gether buried beneath the waves. 

Soundings have been made close on the outside of 
Barriers and Atolls, in several cases, shewing that they 
spring from depths of at least 180 or 200 fathoms, 
tiie slope of the reef being sometimes rather gradual 
for a little way, and then steep, sometimes seeming to 
plunge directly into deep water. 

Still greater depths have been recorded. The 
Beagle found no bottom with 270 fathoms off the reef 
of Aitutaki, one of the Cook Islands. At half a mile 
from XJalan, one of the Caroline Archipelago, no bot- 
tom was reached with 250 fathoms. For a space of 
one or two hundred yards outside Keeling Atoll, in 
the Indian Ocean, the sea deepened gradually to 25 
fethoms (150 feet), and then it pitched off at an angle 
of more than 46 deg., so that at a distance of 6600 
feet from the breakers. Admiral Fitzroy found no bottom 
with a line of 7200 feet. (Darwin, Coral Beefs,) 

Close outside the greater part of the Barrier reef of 
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Australia, no bottom was ever touched by the survey- 
ing officers of H.M.S. Fly, with lines of 100 or 120 
fathoms, and in one place in a bight in the reefs, and 
within their general outline, a line 1800 feet in length 
was let go without reaching the bottom. 

We may, therefore, pretty confidently assume that 
the outer edge of many Barriers and Atolls rises from a 
depth of at least 2000 feet of water, and that they form 
great submarine mounds of coral rock of that thickness ; 
this coral rock having been slowly secreted from the 
waters of the sea by successive films of animal matter, 
each film living near the surface, while the original rocky 
base on which the reef grew was gradually depressed. 

Neither is this wonderful action confined within 
small spots. 

In the Pacific Ocean there is a band of groups of 
Atolls which, measuring from the south end of the 
Low Archipelago to the northern termination of the 
Marshall Islands, is 4500 statute miles long, and varies 
from 200 to 600 miles broad, to which may be added 
the Caroline and Pellew Archipelagos stretching more 
than another 1000 miles to the westward. The Barrier 
reefs on the north-east coast of Australia are 1250 
statute miles in length and from 10 to 90 miles in 
width. The Laccadive, Maldive, and Chagos groups 
in the Indian Ocean stretch along a line 1500 miles 
in length, the Maldives themselves being 470 miles 
long by 60 in breadth. 

The fine calcareous mud derived from the waste of 
these reefe is doubtless spread fer and wide around them 
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in the depths of the adjacent seas. I can at all events 
answer for the fact that wherever deep soundings were 
taken in H.M.S. My, between Torres Straits and 
Sin^pore, the "bottom" consisted of a fine almost 
impalpable greenish mud that was almost entirely solu- 
ble, with effervescence, in dilute muriatic acid, and 
therefore consisted chiefly of Carbonate of Lime. 

Within the tropical sesw of the present day, then, 
vast masses of limestone, equal in bulk to any found 
upon our present dry continents, are in process of 
formation by the action of animal life, secreting and 
solidifying the rock from the waters of the Ocean in 
which it was previously dissolved. 

The time required for the accumulation of the larger 
Coral reefs, like that requisite for the piling up of the 
larger Volcanic mountains, must be very great. Cap- 
tain E. B. Hunt, E.E., U.S.A., in a paper published 
in Silliman's American Journal in March 1863, calcu- 
lates that the least time required for the accumulation 
of the Florida reef, when viewed in a cross section, is 
864,000 years. According to his view of the forma- 
tion of the whole ree^ the minimum time required for 
its entire longitudinal extension would be 5,400,000 
years. He bases this estimate on observed fects of 
coral growth, and concludes by remarking — "There 
are vast possibilities of error in such estimates, but are 
we not quite as likely to err through our preconcep- 
tions of limited chronology, as by boldly submitting to 
the guidance of estimation from actual bases 1" 

ForaminifeTiMs Limestone, — Although the warmer 
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parts of the Equatorial regions seem to be now the chief 
manufactories of Limestone they are not the only ones. 
The Deep Sea soundings lately carried out across 
the North Atlantic, by the ofl&cers of the United States 
Navy and our own, have made us acquainted with the 
bed of that Ocean more completely than any other. 
Stretching from the west coast of Ireland, the bed' of the 
Atlantic, after one or two undulations, slopes down at an 
angle of about 6° to a depth of 1750 fathoms, and there 
is then a great submarine plain stretching across till we 
approach the shores of Newfoundland, when the bottom 
slopes up again tni it rises above the water into dry land. 
Towards the south-east, Newfoundland is separated by a 
submarine valley from a plateau of rock that rises, not 
into dry laud, but up to within 40 or 50 fathoms of the 
surface, and forms the well-known Banks of Newfound- 
land. The water over these banks, like all shallow and 
rocky parts of the Ocean, abounds in fish, few of which 
live in the deep water of the Ocean. South of the 
Banks the bottom of the Atlantic sinks down to a depth 
of 5000 fathoms, or 30,000 feet^ forming the deepest 
hollow known north of the Equator, but in all the space 
between Newfoundland and Ireland, and from the Azores 
to Greenland, no part seems to be deeper than 2400 
fathoms, or 14,400 feet. This depth is in reality a very 
trifling one compared with the width of that part of the 
Ocean, for if we took 1800 geographical miles as about 
its mean width, and 12,150 feet, or 2 geographical miles, 
as about the mean depth of its central part, and con- 
structed a model of the Atlantic on a true scale, it 
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would be represented "by a basin 30 feet wide and less 
tlian half an inch deep, while the sides would be so 
shallow that it would be hardly possible to keep a film 
of water thin enough to represent the proper depth. 
Even the deep hole of 5000 fathoms south of the Banks 
of ^Newfoundland, would, in such a model, have a depth 
of only an inch and a third of water. 

Specimens of the matter at the bottom were brought 
up by the sounding machines during the various sur- 
veys, and that which was found over all the central 
space between Ireland and Newfoundland, and as far 
south as the Azores, is described by Captain Dayman, 
E.N., as " a kind of soft mealy substance, which, for 
want of a better name, I have called Oaze, This sub- 
stance is remarkably sticky, having been found to 
adhere to the sounding rod and line through its pas- 
sage &om the bottom to the surface, in some instances 
from a depth of more than 2000 fathoms." — (Captain 
Dayman's Deep Sea Soundings,) 

Professor Huxley examined this " oaze," and says 
that " when a little of it is taken out of the bottles 
and thoroughly dried it becomes white, or reddish 
white, and (though less white) closely resembles very 
fine Chalk, and fully nine-tenths, as I imagine, by 
weight of this deposit, consist of minute animal organ- 
isms called Foraminifera^ provided with thick skeletons 
composed of Carbonate of lime. Hence, when a dilute 
acid is added to the mud, a violent effervescence takes 
place, and the greater part of its bulk disappears." — 
{IMd.) 
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More tlian three-fourtlis of the Foraminifera were 
found to belong to one species of a genus called Globi- 
gerina, the rest being comprised of other species, 
except about a tenth of the whole mass, which was 
formed of siliceous matter, either minute particles of 
quartz or fragments of siliceous spiculsB of animal or 
vegetable organisms (DiatomacecB), 

It is impossible to ascertain the thickness or depth 
of this widely-spread bed of Chalk thus in process of 
formation over so large a part of the depths of the 
North Atlantic Ocean, but the only apparent limit to 
that thickness is in the length of time during which 
the processes of life are allowed to go on in the ocean 
above it. Give it time enough and it may ultimately 
be some hundreds of feet in thickness. 

Here then we get the materials of a Chalk deposit 
equal in extent to that wliich spreads over so large a 
part of the continent of Europe. 

If we combine the information attained up to this 
point, and allow that in former ages of the world 
animal life could secrete from the waters of the ocean 
as much calcareous matter as animal life is now secret- 
ing, and that movements of elevation and depression 
like those now in progress may have acted through an 
indefinite lapse of past time, we shall have no diffi- 
culty in arriving at the conclusion that the great beds 
of limestone we now find high and dry above the sea, 
or even on the summits of our mountains, may have 
been formed by marine animals, possibly near the sur- 
&ce, or possibly at great depths in the ocean. In 
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former times the kinds of coral which make our pre- 
sent reefs may not have existed, but other creatures 
may then have lived which secreted Carbonate of lime 
in equal abundance. Almost all limestones do in fact 
contain the bodies of Foraminifera or other animals in 
a recognisable form. The limestones of former times 
may not, however, be exactly like coral rock, for not 
only were the animals different, but as Carbonate of 
lime is so soluble a substance, all limestones may 
become greatly changed in course of time by the perco- 
lation of water dissolving and redepositing it, making it 
more compact or more crystalline ; and other influences 
may be at work in producing similar changes in it. 

Different limestones then, deposited at different 
periods of the Earth's geological history, may have dif- 
fered originally from each other, and they may have 
been afterwards subjected to different modifying influ- 
ences. 

One very important influence may be here briefly 
alluded to that is applicable to all rocks formed at the 
surface of the Earth. I^ as we saw reason to believe 
in the 1st chapter, the temperature of the Earth in- 
crease as we descend from the surface at the rate of 1^ 
F. for every 60 or 100 feet of descent, it is dear that a 
mass of rock, which, formed at the surface, becomes 
afterwards covered by a thickness of 2000 feet of other 
rock, will be subjected to a temperature 20° or 30° higher 
than it had originally, and this alone might cause it ulti- 
mately to differ considerably jfrom what it was at first. 
Supposing the depression to go on till it is covered by 
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a tliickness of 20,000 or 30,000 feet of subsequent ac- 
cumulations — and there does not appear any reason why 
this may not in some parts absolutely occur — ^the rock 
may be brought within the influence of a very high 
temperature, and may be greatly altered from its ori- 
ginal state, no matter whether it be formed of limestone 
or any other surface deposit. 

The alteration may be aided too by the great pressure 
brought to bear upon rocks thus covered. 

For all these reasons a rock composed of so impres- 
sionable a mineral as Carbonate of Lime will naturally 
have many varieties. 

The principal varieties of limestone actually found 
on the dry land are Chalk, a well known soft friable 
variety ; Ordinary Compact or Crystalline Limestone, 
with a great range of difference in colour and texture, 
hardness and purity ; Oolite or roe stone, formed of 
little globules like the roe of a fish, the result of a concre- 
tionary action ; Statuary Marble, a fine even-grained 
crystalline limestone with a texture like loaf sugar. 

When limestone contains Carbonate of Magnesia it 
is called Magnesian lAmsstone, or Dolomite, the latter 
name being generally applied to a nearly equal mixture 
of the Carbonates of lime and Magnesia. 

Flint and Chert, — Many limestones contain sili- 
ceous concretions, as the Flints in Chalk, and the Chert 
in Carboniferous limestone. These were evidently 
formed in the rock soon after the deposition of its 
materials, the siliceous matter owing its origin to the 
silica secreted by minute marine animals (Polycystince) 
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or vegetables (DiatomacecB), and separating itself ^m 
the surrounding rock in order to form concretionary 
lumps or nodules, or seams, or yeins, in obedience to 
those chemical laws of afl&nity which are so commonly 
in action, but as yet so little understood. 

Formation of Goal. — ^We have not yet arrived at 
quite so clear a conception of the method of formation 
of Coal as we have of that of Limestone, but the fol- 
lowing considerations will suffice to convince us that it 
is all derived from vegetables which grew upon the 
surface of the earth, either on dry land, in marshes, or 
beneath the water. 

Peat, — ^Any one who visits the Bogs of Ireland, the 
Mosses of the north of England and Scotland, or the 
Fens of Cambridge and Lincoln, may see one step in 
one kind of process of the transformation of living 
plants into CoaL 

On the surface grows the green living moss with 
many other plants. Two or three inches below that, 
is a brown spongy mass consisting of the fibres of dead 
plants, this passes gradually down into a compacted 
brown mass in which the vegetable tissue begins to 
disappear. Lower down it is still denser and darker, 
and all obvious traces of fibre and tissue perhaps are 
lost, untU, at a depth of sometimes 30 feet, a compact 
black substance is found which cuts like cheese, but, 
except from its dampness, might be called soft coaL 

Some of these peat-bogs spread for many miles, and 
when cut away dry gravel is found beneath ; the peat- 
bog growing gradually so as to extend itself over the 
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adjacent ground, and sometimes rising in the centre 
with a gentle slope to heights of 20 or 30 feet above 
it^ like a great rough black and brown sponge. 

When artificially dried and compressed it makes a 
hard black substance that scarcely differs either in ap- 
pearance or composition from some varieties of pit coaL 

If therefore any thick bed of peat were to be depressed 
beneath the sea, and covered with great beds of sand 
or mud to a thickness of several hundred feet^ it cannot 
be doubted that the peat would be converted into coaL 

Lignite. — ^It is not, however, moss or peat only 
that undergoes this change ; for in many places great 
fragments of trees have been found buried in the earth, 
retaining their external form and their woody fibre, but 
changed into a brown cheesy substance, or even into 
a quite black and brilliant coaL This substance is called 
Lignite, and where considerable beds of lignite are found, 
as in the neighbourhood of Bovey Tracey in Devon- 
shire, the passage of a true lignite into genuine coal, 
and the alternation of one substance with the other, are 
obvious to the eye. 

Coal. — If to this it be added that in the majority 
of instances beds of sand and clay, including beds of 
Coal, are full of the remains of vegetables, that many 
beds of Coal shew on the surfece when fireshly exposed 
a mat-work of vegetable branches and stems, and that 
pieces of Coal when examined with the microscope shew 
vegetable tissues and cells, the argument in £eivouT of 
the vegetable origin of Coal becomes complete. 

The kiuds of fossil plants found about many Coal 
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beds are indeed strange to our eyes, and not of the 
same species as any now living on the globe; but 
many can be shewn to have belonged to some kind of 
fern, and others have more or less analogy with 
existing plants. 

Under many beds of Coal indeed, a peculiar kind of 
root is found in great abundance very similar in appear- 
ance to the roots of our Water lilies, as if the plants 
that formed the coal had grown in water. 

The ferns, however, and the coniferous plants, 
obviously grew upon dry land. 

The vast thickness of the beds of sand and clay 
which are interstratified with the beds of Coal, amount- 
ing in some places to several thousands of feet, and 
the beds of Coal themselves, which, even if fotmed 
under water, could not possibly have been formed in 
water of such depth, combine to prove the fact of great 
successive and gradual depressions having taken place 
during the period when these layers of vegetable matter 
were being buried. 

We must, then, look to plants as the instruments 
by which all our coals have been solidified from the 
Carbonic Acid of the atmosphere by the chemical 
action of vitality. Plants, as was before remarked, con- 
sisting of Carbon, Oxygen, Hydrogen, and a small 
quantity of Nitrogen, suffer decomposition when buried 
in the earth, giving off more and more of their gaseous 
materials in the form of Carburetted Hydrogen (the 
fire damp of colliers). Carbonic Acid (the choke damp 
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of colliers), and Water; the abstraction of these mate- 
rials leaving the residue richer and richer in Carbon. 

This action would cause a regular gradation from 
Peat and Lignite to Cannel or Candle Coal, ordinary Pit 
Coal, and Anthracite or Stone Coal, and ultimately to 
Graphite or Plumbago, and e^en to the Diamond itself. 

Varieties of Coal are also formed by the greater or 
less percentage of Ash which they contain. This we 
may look on as a clayey matter originally mingled with 
the plants at the time of their deposition. The greater 
or less quantity of ash makes the gradation from Cannel 
Coal or ordinary Pit Coal to a mere bituminous, or more 
properly carbonaceous, shale or batt. An ashy coal 
ceases to be Coal, and becomes Carbonaceous Shale, 
when it is no longer able to support combustion or make 
a fire of itsel£ 

Coals retaining much of their Hydrogen are sometimes, 
but incorrectly, called " bituminous." Bitumeti is a gene- 
ral term for certain Hydrocarbons, some of which are 
solid, as asphalty others liquid, as petroleum. No coal con- 
tains any of these, and the chemical process which converts 
plants into coal is not the same as that which makes them 
into bitumen. 

Dr. Sterry Hunt is of opinion that the petroleum rising 
in the oil wells of North America is derived from the 
animal matter which belonged to the numerous fossil shells 
and corals which the rocks contain. — {Am. J, Sc. and A., 
March 1863.) 



CHAPTEE VII. 

ROCKS FORMED FROM THE BROKEN MATERIALS OF 
OTHER ROCKS. 

By far the largest masses of tlie rocks that constitute 
the external crust of the globe are made np of the 
broken materials of other previously existing rocks. 
It is most important then to learn how these materials 
were acquired. 

Meaning of the word Rock, — In the first place, how- 
ever, it is necessary to understand what geologists mean 
by the term rock. In ordinary language a rock means a 
hard and massive stone, but geologists know that the 
character of hardness is an accidental one. The very 
same beds of limestone may be soft Chalk in one place 
and hard Marble in another. The same beds of clay 
may be harder than the hardest brick in one place and 
soft enough to mould into bricks in another. The 
same beds of sandstone may be hard grit in one part, 
while in another they could be dug out with a spade. 
Geologists apply the word " rock,'' then, as a general 
term, to any considerable mass of earthy matter, 
whether hard or soft, or whatever may be its form or 
character, provided it be of sufi&cient importance to be 
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spoken of as a constituent part of the crust of the 
Earth. 

The Nature of the previously existing Rocks, — ^We 
have abeady examined the Igneous rocks proceeding 
from the interior of the Earth, and the fi»gmentary 
matters which are derived from some of them during 
their eruption, from those, namely, which really were 
erapted, or actually ejected on to the surface. We saw 
that all Igneous rocks are essentially siliceous, some 
of them, especially the Granites, containing pure Silica 
in the form of quartz granules, and all of them contain- 
ing Silicate of Alumina. Now, almost all sands are 
formed of grains of Quartz, and pure clays consist of 
Silicate of Alumina combined with water. All clays 
and sands, then, and all rocks made of clay and sand, 
may obviously be derived from the destruction and 
wearing down of the Igneous rocks, and there is in fact 
no other primary source for them, if we trace them back 
to their origin. 

The pebbles and shingle and round stones which 
we find on a sea beach are obviously pieces of rock 
that have been worn and rounded by the action of 
moving water. The sand is just as obviously the result 
of this grinding action still farther carried out, and 
there is every gradation from a coarse sand to a fine 
sand, and from that to a silt, and thence to the finest 
mud. When mud contains much Silicate of Alumina 
it becomes plastic and forms clay. 

All the sandy (or arenaceous) matters, then, and all 
the clayey (or argillaceous) substances which are most 
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commonly met with, are the result of the erosive action 
of water upon previously existing rocks, and those rocks 
must either have been Igneous rocks, or must have them- 
selves been derived ultimately from some Igneous rock. 

Deep water inactive, — Perfectly still water, how- 
ever, is evidently powerless to wear away siliceous 
rocks ; and deep water must be more or less perfectly 
tranquil The depths of the ocean may not indeed be 
utterly stagnant, since there may be ascending and de- 
scending currents of water throughout it, but these 
could exercise no abrading force, nor even any trans- 
porting power, upon the materials that lie below the 
water. The finest and most impalpable mud, then, 
when once it has settled to the bottom of deep water, 
remains secure from all external influence of erosion. 
The oceanic oaze mentioned in a preceding chapter is 
an instance of this security. 

Action of the upper surface of the Sea, — ^The upper 
sur£Eu;e of the Sea, however, is in perpetual motion. 
The winds keep up on it a continual agitation and 
force it into waves of all dimensions, from the tiniest 
ripple to the long rolling swell, in the hollows of which 
even ships sink out of sight. The Sun and the Moon 
lift it into daily tides, which become currents when 
they strike upon the land ; and the Sun's heat, com- 
bined with the Earth's motion, keeps up continual 
great currents of circulation in the Sea, which sweep 
slowly round the Earth, in imitation of the currents of 
the Air, which we call Winds. 

The waves, where they beat upon the land, are the 
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instruments of the destruction of the rocks, while the 
tidal and oceanic currents are the transporting powers 
that carry away the resulting materials. The rise and 
fall of the tides assist the waves by giving them a 
greater vertical space on which to act, and in some 
cases by the frequent alternation of wet and dry upon 
the rocks. 

Few persons have a sufficient appreciation of the 
power of the sea-breakers when they strike on the 
land, under the influence of a far-reaching and long- 
continued gale of wind. Visitors to the sea-side are 
more familiar with sheltered bays and sandy strands, 
than with the foot of clifs and headlands that sink 
into deep water. Although I had seen the swell of the 
open sea in some of its most magnificent aspects in 
various parts of the world, and had watched the tre- 
mendous surf which roars over the outer edge of coral 
reefs, or thunders on the shores of South Africa and 
Australia, it was not, I think, until I had examined 
the cliffe and headlands of the west coast of Ireland, 
that I became fully aWare of the power of the ocean to 
wear away land. 

The hardest rocks, even those of Igneous origin, are 
all traversed by natural joints and crevices ; and all 
aqueous rocks are also divided by planes of stratifica- 
tion. The dash of the waves soon causes moisture to 
penetrate into these natural planes of division, and 
thus loosens the adhesion of the blocks into which all 
rocks are divided by them. A heavy sea that rises to 
a height of 20 or 30 feet, and Mia upon the rocks with 
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many hundred tuns of foaming water, is a battering 
ram of no mean power, and its blows are continually 
repeated at the rate of one or two in a minute ; but 
the mere blow is not the whole of the force exercised ; 
when the water is dashed against the rock some of it 
is injected with great force into every crevice and 
fissure it can find ; and the air previously existing in 
these crevices is impelled into others above and beyond 
them. The recess of the wave relieves this air from 
the sudden pressure, and both air and water are then 
suddenly sucked back, so as to act in the contrary 
direction, and still farther enlarge the fissures and 
loosen the blocks about them. As soon as one block 
is entirely removed the commencement of a cave is 
formed, the air in which becomes an elastic penetrating 
instrument set into violent action every time that a 
wave is hurled against its mouth, and alternately fills 
and empties the cavity with a violent impulse and re- 
cess. Great caverns are made in this way, under- 
mining bold headlands* and lofty clifis. 

When by these and other processes the foot of a 
clijff is undermined, so far as to reach the larger natural 
joints on all sides, the mass above is no longer sup- 

* The well known caves of Ballybunnion in county Kerry, 
and the Bridges of Ross and other similar forms on the coast of 
Clare, are instances of this action. These caverns, too, become 
the receptacles for heaps of pebbles and blocks that are rolled 
and dashed about by the waves, and act like so many hammers 
upon each other and on the walls of the caverns. Some of the 
loftiest and most perpendicular cliflfs in the world are to be found 
on the coasts of Kerry, Clare, Mayo, and Donegal. 
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ported; and falls in a heap of ruined fragments, wHch 
tlie breakers then proceed to reduce into round blocks 
and sand; and roll and cany away from time to time, 
till they lay bare the cliff again for fresh assaults. Each 
step in this operation may require years, or even cen- 
turies, for its completion, but it is a work for ever 
going on upon every exposed coast in the world. 

Waste of the East and South Shores of England, — 
Where the land is composed of the softer kind of rocks, 
especially if the coast be swept by a strong current 
which can readily carry off the eroded materials, the 
waste of land sometimes becomes very rapid, so that 
all the inhabitants become sensible of it. In Sir C. 
Lyell's Principles of Geology, chapter xx., will be 
found a very interesting account of the destruction of 
land that has been going on along the eastern and 
southern coasts of England during the last few cen- 
turies. The sites of many villages and some consider- 
able towns, along the coasts of Yorkshire, Norfolk, 
Suffolk, Essex, and Kent, are now beneath the sea, 
which has eaten away the land on which they stood. 

Eavenspur, where Bolingbroke landed to depose 
Richard II., and other neighbouring places, are entirely 
gone — sands, dry only at low water, appearing in their 
place. The site of the old town of Cromer is now in 
the German Ocean, the inhabitants having continually 
built inland as the sea gained on them. At Sherring- 
ham harbour there was, in 1829, a depth of 28 feet of 
water (enough to float a frigate) at the very spot where, 
forty-eight years before, there stood a cliff 50 feet high 
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with houses upon it. Churches, villages, and manors 
have, one after another, disappeared, so that their pre- 
vious existence is only known from old records. 

Dunwich, once the chief port of Suffolk, is now hut 
an inconsiderable village, and Doomsday-hook tells us of 
land outside it as having been taxed by Edward the 
Confessor, but being even then destroyed by the sea. In 
other later records mention is made of, at one time, a 
monastery, at another several churches, then the old 
port, then 400 houses at once, and gradually the gaol, 
the town-hall, the high roads ; then of ancient ceme- 
teries, the coffins of which were for some time exposed 
in the cliff — all swept away by the devouring sea. Men- 
tion is even said by Eay to be made in old writings of 
a wood a mile and a half to the east of the town, the 
site of the wood being of course now farther than that 
in the German Ocean.* 

In Kent, Eeculver's Church, which in Henry VIII.'s 
time was a mile from the sea, is now on the cliff, and 
would have been long ago destroyed if artificial means 
had not been taken to preserve it as a sea mark. 

The Straits of Dover have doubtless been eaten 
wider by a mile or more since Julius Caesar's time, who, 
if he could revisit the scene of his invasion of Britain, 
would be very likely as much puzzled to find the pre- 
cise spots where he sailed from and disembarked at, as 
his commentators are in determining them from his 

* It is not only in scientific books that these facts are de- 
scribed; a graphic account is given of the destruction of the 
coast of Suffolk by Wilkie Collins in his novel of "No Name," 
scene 4th, chap. 1st 
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descriptions. The view from Shakespeare's Cliff in the 
present century, even hefore the railway operations were 
commenced upon it, could not have heen nearly so 
" fearful and dizzy" as it was when Shakespeare wrote. 
Lyell tells us there was a great landslip in 1810 by 
which Dover was shaken, and another still greater in 
1772. 

Similar waste is going on all along the south coast 
till we reach the harder rocks of Devon and Cornwall, 
when we can only judge of it by its effects in the in- 
dented shores and rocky cliffs and islets. 

The farmers and landed proprietors in many parts 
of the east and south coast of England reckon on a loss 
of land amounting to one yard per annum all along the 
shore. If, however, we suppose it to amount to only 
one foot per annum, with an average height of cliff of 
only 25 feet, this, along a coast of 500 miles in length, 
would give every year the materials of a bed a foot 
thick, and forming a square of 4^ miles in the side. 
It is, therefore, not unreasonable to suppose that the 
materials for such a bed are carried every year from the 
coasts of England and deposited somewhere or other on 
the bottom of the sea. 

Remits of the Erosion hy the Sea, — This erosive 
action may extend to a depth of some few fathoms be- 
neath the mean level of the sea, but cannot reach to any 
great depth. Its action, then, tends towards the pro- 
duction of a submarine flat or plain in the parts that 
are passed over, bounded by a line of cliffs that are lofty in 
proportion to the height of the land which is eaten into. 
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If the land were quite stationary it "would ultimately 
be all eaten away, and a shallow sea would flow over the 
flat where it formerly existed. Many of our present 
plains on the dry land have been formed precisely in this 
way, mountains that formerly rose over those plains hav- 
ing in these cases been removed by the erosion of the sea. 

It was shewn, however, in Chapter V. that the land 
is anything but stationary, and it follows that as it 
slowly rises or falls through the upper surface of the 
sea, every part of its own surface will be subject to this 
erosive action, the results of which will vary accord- 
ingly. The external action of the sea is like that of 
a fixed engine with a horizontal planing and graving 
machinery contrived to carve into any substance, and the 
internal force of elevation and depression resembles a 
vertically acting power below, raising or lowering the 
substance through the horizontal cutting plane, tilting it 
sometimes in difliBrent directions so as to produce a very 
varied form in the carved substance. 

If it be true that there are no mountains in the 
world of which the substance has not been once deep 
beneath the sea level, it follows that every mountain 
during the slow elevation of the land on which it stands 
may have had great masses of rock removed from over 
it It will be shewn hereafter that this has really been 
the case in many instances, and it could be shewn 
for every hill and mountain, except those which have 
been obviously made by the piling up of their mate- 
rials, such as hills of blown sand or volcanic moun- 
tains. 
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Atmospheric Erosion, — But even the rocks which 
are high and dry, far above the reach of the assaults of 
the sea, are not therefore secure from erosive action. 
As soon as any land rises above the sea, rain must occa- 
sionally fall on it, and in running over the surface must 
commence to eat it away. As it rises higher and wider, 
the rain channels unite and form more copious rivers, 
which cut more and more deeply into the rock below. 
The action of the wind even, combined with the alter- 
nations of wet and dry upon the surface of the rock, 
produces some effect in decomposing and wearing away 
its surface. If the rock contain lime, either as a 
siHcate or a carbonate, the carbonic acid of the atmo- 
sphere, and of the atmospheric waters, continually tends 
to dissolve this lime, and thus to loosen the particles of 
the other substances which the lime held together. 
If the rock be pure limestone its surface is always in 
process of complete solution, the liquid carbonate of 
lime being carried off by the rain water. 

In extra-tropical regions, or in lofty land within the 
tropics, ice becomes no mean agent in the erosion of rock ; 
for as water expands on passing into ice it is obvious that 
if the pores of a rock, or its joints and crevices, are satu- 
rated with water, and that water freezes, a great mechani- 
cal power is called into play, either in disintegrating the 
particles or in loosening the blocks of the rocks. 

Even when rain water sinks beneath the surface it 
often plays an important part, both chemically in dis- 
solving calcareous rocks, and mechanically in widening 
the joints and crevices of all rocks. The latter action 
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is often most marked where the water issues again in 
the form of springs. A line of springs along the foot 
of a clijff or steep bank, either on the sea-side, or in the 
interior of the country, will often so far undermine the 
rocks above, that after some heavy rain, or sudden 
thaw, a large mass of them, a mile or two in length, 
and one or two hundred yards in breadth, shall be 
launched forward in what is called a "landslip." A 
heap of ruins is thus formed, which is much more easily 
acted on than while it formed part of the solid rock and 
the materials removed by the sea or by the neighbouring 
streams. "Landslips" are also produced by earth- 
quakes, which cause great pieces to slide from the steep 
sides of valleys. In both cases the streams running 
down the valleys are sometimes blocked for a time, and 
perhaps made into lakes, and ahead of water thus accumu- 
lated which, when the dam gives way, affords a far more 
destructive water power than that of the mere stream. 
Temporary lakes are also formed in Alpine regions by the 
fall of avalanches into valleys, blocking up the streams, 
and accumulating a quantity of water, which, when the 
ice barrier is suddenly removed, carries everything before 
it for miles down the valley. 

The Origin of Rivers^ and the Formation of their 
Valleys. — The dry land may be paralleled out into 
separate " basins of drainage," divided from each other 
by " water-sheds," or lines from which the rain water 
runs each way, and which no running water crosses. A 
" basin of drainage " is a district all the waters of which 
drain towards one main artery or central river issuing 
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by one mouth into the sea. That mouth, however, in 
some rivers, becomes so much encumbered by the de- 
position of the fine earthy matters brought down by 
the river, that these muddy materials rise above the 
water, and the river is extended beyond its original 
termination by two or more fresh -water channels through 
the muddy deposit, which is then called a Delta. 

A river is formed by the union of a number of tri- 
butaries, each of which is made up of brooks, and rivu- 
lets, and lesser streams ; but it is usual to select one of 
the streams, generally the one most remote from the 
mouth, and to look upon that as the origin of the river, 
and some large spring at the head of that is sometimes 
pointed to as the source of the river. This, however, is 
a mere arbitrary selection of one stream from the rest. 
All rivers consist of the superfluous rain-water or melted 
snow that falls upon the area of the basin of drainage, 
beyond that which is carried off by evaporation, and 
are large therefore in proportion to the extent of the 
area and the amount of the rain-fall on it. When a 
part of the main watershed of the basin rises on to a 
mountain range lofty enough to be covered by perpetual 
snow, the supply of water becomes most constant, be- 
cause hot sunshine, which would otherwise cause the 
streams to shrink, melts the snow, and thus compensates 
for the want of rain. 

A basin of drainage then, and its resulting river, is 
the effect of a regular systematic operation upon a cer- 
tain area, the mode of which must be capable of dis- 
covery, and therefore of description. The operation. 
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however, although regular, is yet complex, so that it is 
difficult to give such a general account of it as shall be 
applicable to all places, but I will attempt a slight 
sketch of it. 

Suppose a land commencing to rise above the sea, 
the ridge of a mountain chain, or that which afterwards 
becomes or discloses a mountain chain, being the first 
part to become dry land. We may suppose this moun- 
tain chain to have been previously prepared below 
the surface in the crust of the earth, its beds having 
been bent up into folds, so that it is made of many 
long and often thick layers, of different constitution, 
and lying in very various positions, but all the parts 
runnuig generally parallel to the length of the chain. 
The subterranean disturbing action that has thus tilted 
and bent the beds which ultimately form the moun- 
tain chain may be altogether separate in time and 
effect from that which afterwards lifts up the whole area 
above the sea. Every part of this land suffers, as it 
rises, from marine erosion, which leaves the crest of the 
mountain chain much indented perhaps with sea-formed 
crags and pinnacles in some parts, and sea-formed 
valleys or hoUows in other parts. These hollows exist 
for a time as straits or sounds between the islands 
formed of the rising mountain peaks, and the deepest 
of them afterwards become " passes" or " gaps." As the 
elevation goes on and the mountains are gradually lifted 
altogether above the sea, the islets are connected into one 
island, and eventually the summits of the lower hills 
appear, and lastly the plains and fiat lands. But during 
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this process of elevation the erosive action of the atmo- 
sphere, and the cutting power of the streams, are con- 
stantly at work, commencing first upon the mountains, 
and then extending to each piece of lower ground as it 
is laid dry. Had the sea alone acted on the rising land, 
we should have had smooth or gently undulating slopes 
upon the hills, and long sweeping undulating plains over 
the rest of the country. The hollows of the undulations 
would be over the spaces where the present valleys are, 
for it was doubtless the existence of these sea-formed 
undulations that determined the course of the super- 
fluous rain-water, when it began to flow over the land ; 
but had it not been for the action of this rain-water 
the valleys would never have been worn to anything 
like their present depth, nor the slopes of the hills, 
especially those towards the interior valleys, have ac- 
quired anything like their present steepness. 

The first streams formed on the flanks of the rising 
mountain chain would run directly off down the slopes 
from the crest into the sea. These would begin to 
form those valleys which are called the lateral valleys 
of a mountain chain. As soon as they became a little 
deep, other small streams would flow into them from 
their sides ; and these, acting on . the softer or more 
easily destructible bands of rock that run parallel to 
the length of the mountain chain, would commence the 
formation of the longitudinal valleys of the mountain 
chain. The lateral valleys then would be the primary 
or first eroded river valleys, and the longitudinal would 
be the secondary valleys. The primary or lateral valleys, 
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being due, in the first instance, to the comparative steep- 
ness of the slope of the original flanks of the moun- 
tain chain, giving an impetus to the streams, would be 
worn directly across all the bands of rock that run 
parallel to the length of the chain, independently of 
their hardness or softness. No stream could cut its 
channel in any soft band in the higher part of its 
course below the level of the channel in the next hard 
band of the lower part of its coursa Its channel, 
however, would naturally be more narrow, and its 
sides more steep and precipitous in the parts where it 
cut across a hard band than where it traversed a sofb 
one. The softer and more easily eroded banks of the 
stream would always be apt to slide down the slopes, 
and the valley would widen there accordingly. More- 
over the longitudinal valleys, originating in these soft 
or easily destructible bands, would be wider and more 
regular than the lateral valleys, and if a soft band was 
very wide, and continued for many miles along the length 
of the chain, it is quite possible that the longitudi- 
nal valley formed in it, although originally a mere tribu- 
tary to the lateral valley, and caused by a stream com- 
mencing to drain into that valley, might ultimately 
be worn back along the soft band, so as to be not 
only wider but far longer than the upper part of the 
lateral valley which lies above the junction of the two. 
Such a longitudinal valley would be likely to bring a 
greater volume of water from a greater distance than 
the upper part of the lateral valley itseK might bring. 
In such cases the stream running down this longitudinal 

H 
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valley would be very likely to be considered the main 
head water of the principal river^, and some little brook 
or spring towards the head of that valley be called the 
source of the river. We have already seen, however, 
that the term source is quite inapplicable to any head 
of a river, even in its present state, and it becomes still 
more inappropriate when we know the history of the 
formation of a river. 

Where the rivers quit the mountains and issue on 
to the plains, we lose the distinction between the late- 
ral and longitudinal valleys. Still the influence of the 
same circumstances, namely, the comparative hardness 
or destructibility of the different masses of rock cut 
through, or approached or avoided by the river, may be 
traced both in the direction and in the varying forms 
of the valleys. 

The result finally arrived at is, that the removal of 
all the mass of rock that originally intervened between 
the former sea-formed gently undulating surface and the 
bottom of the present glens, ravines, and valleys, is 
due entirely to the action of atmospheric erosion — the 
hollows have been worn and the materials carried off 
by the brooks and rivers that now run down them. 

If space permitted, it would not be difficult to follow 
the course of one of our British rivers from the moun- 
tains to the sea, and describe in detail the marks of its 
erosive action on its banks, and shew how it has deep- 
ened and widened its own bed, and how the shifting 
of that bed has contributed to excavate the valley. My 
colleague, Mr. Geikie, has given a graphic sketch of 
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this action in the ninth chapter of his interesting little 
book called the " Story of a Boulder." 

In other parts of the world, however, this action 
may be traced on a far grander scale. In the central 
region of the Alps the valleys of the Khine and the 
Ehone are conspicuous instances of it. Charpentier 
long ago shewed that the Pyrenean valleys were also 
formed by the rivers that traverse them. Dr. Dana 
did the same for the wonderful net- work of gullies that 
furrow the slopes of the Blue Mountains of New South 
Wales, and having myself viewed a part of that dis- 
trict, I can record my complete agreement with him. 
The same author assigns a similar origin to the deep 
valleys and gorges that radiate from the high volcanic 
islands of the Pacific, separated, as they often are, by 
mere knife-edged ridges of rock, with steep and some- 
times perpendicular sides. Having ridden over some 
of the volcanic mountains of Java, along sharp crests be- 
tween profound valleys, which were even wider at bottom 
than they were deep, and noted that the cones were fur- 
rowed by these radiating ravines precisely in proportion 
to their age, the newest of aU being still smooth and 
uneroded, I can here also venture to corroborate him. 

The most wonderful instances, however, of the ero- 
sion of valleys by rivers are those which are so beauti- 
fully depicted in the plates given in the Report of the 
Exploration of the Colorado River of California under 
Lieutenant J. C. Ives, in 1857-8.* 

* The Senate of the United States ordered ten thousand extra 
copies of this work to be printed in the year 1860. I cannot help 
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Dr. Newberry, the Geologist of the expedition, gives 
an excellent account of the structure of the country exa- 
mined. The great ravine (or canon) of the Colorado is 
300 miles long, and varies from 3000 to 6000 feet deep, 
with only just room enough at bottom for the water of the 
river, and with sides that rise like great walls from the 
river to the plateau above. This ravine and those of the 
numerous winding tributaries to the river, have been cut 
down through horizontal beds of hard limestone and 
other rocks belonging to the Carboniferous and older 
periods, and into the Granite which lies below them. 
The Granite is in some places cut into to a depth of 
1500 feet, and some of the hard siliceous limestones 
above it have an aggregate thickness of 1000 feet. All 
the beds are quite horizontal and undisturbed, and it is 
evidently to this circumstance that the perpendicularity 
of the walls of the ravines is due ; had the beds been 
inclined, they would have slipped into the valleys, and 
the same thing would have happened had they been 
traversed by oblique fissures or lines of fracture. 

Our own river valleys and those of other parts of 
the world are wider and more irregular in form, in con- 
sequence of the variously inclined positions into which 
the rocks below them have been thrown, and the diffe- 
rently constituted masses of rock that are brought up to 

here contrasting this order with the utter indifference exhibited 
by our own governing bodies to the publication of the results of 
the scientific explorations of our own officers and the beggarly 
niggardliness with which any scientific publications by them are 
stinted of their fair proportions. 
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the surface in different places, so that the c{Ltlmg> down 
of the river channels produced a corresponding *traaety 
of effect in the forms of the valleys. * s "y. 

When at length a great river reaches the frroltd 
plains which are but little above the level of the se^i"' 
its current must necessarily slacken, and its erosive\ 
force consequently depart, and its carrying power dimi- 
nish, so that it deposits even the fine materials which 
it brings down. 

These plains are like the alluvial flats in the higher 
parts of its course, where obstructions make it sluggish 
and a similar deposition takes place ; but as the river 
has in the plains no longer any valley sides to confine 
it, it will, if left to itself shift its channel from time 
to time, so as perhaps to wander over many parts of 
the plains. When, however, man takes possession of 
these plains, these shiftings of the river channels, and 
the overflowing of their banks, incommode his ope- 
rations, and he endeavours to prevent them by arti- 
ficial banks. But as he cannot prevent the river from 
bringing down earthy matter, the raised banks merely 
cause the mud to be deposited in the bed of the river, 
so that the height of the banks must be continually 
added to. For this reason, the rivers which traverse 
the fens of Cambridge and Lincoln shires are in some 
parts at a height of several feet above the level of the 
com fields, and the drainage has to be pumped up into 
the rivers iastead of running down into them. In like 
manner the surfaces of the Fo and the Adige in North 
Italy are in some places on a level with the roofs of 
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some pd ffi^ houses — ^the rivers nmning along great 
cmbfUj^Hients, as if they were aqueducts. 

.'.Ji tracing a river from the mountain to the plains 
itVmild be found to be always active in carrying down 
'^^hy matters from a higher to a lower part of its course. 
..the size of the fragments is necessarily proportioned 
to the strength of the current Large boulders are 
rolled along by mountain torrents, pebbles by rattling 
brooks or swift streams, but when rivers become navi- 
gable, they rarely carry anything coarser than sand, and 
where they traverse great plains nothing but fine mud. 
Fresh pebbles, however, are continually made by the 
breaking up of the boulders, fresh sand by the grind- 
ing of the pebbles, fresh mud by the trituration of the 
sand, so that the supply is never-failing. 

When a river traverses a lake, it makes a flat, com- 
monly a delta, at the part where it runs in, deposits all 
its earthy matter in the bed of the lake, and issues 
as a stream of clear water, a chai'acter it will maintain for 
some distance until defiled by muddy tributaries that 
have not passed through lakes. 

When a river issues into a sheltered bay of the sea 
whore its mouth is not swept by strong currents, it 
naturally deposits all its materials where its own stream 
in checked by the sea, and forms a delta there. Some of 
the larger deltas of the world give us a certain measure 
«£ the amount of work done by the river. The deltas 
of the Fo and Adige and the neighbouring streams are 
DOW unitedi and form a flat 100 miles in length, which is 
known to have grown from two to twenty miles in 
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width during the last 2000 years. Adria, which was a 
seaport in the time of Augustus, and gave its name to 
the Adriatic Sea, is now twenty miles inland (LyelVa 
Principles, chap, xv.) But this river deposit has filled 
up the old sea margin in spite of the feet that the bed 
of the sea has suffered from depression. M. Degouss6e 
sank an Artesian well at Venice, which in 1847 was 
432 feet deep, without having reached the bottom of 
the deposit. Moreover they passed through in this sink- 
ing, beds of turf at 95, at 155, at 275, and at 410 feet, 
shewing old land surfaces, with vegetation similar to that 
now flourishing on the present surface, at these succes- 
sive depths, those old land surfaces having subsided and 
been covered by fresh deposits {UArchiac, vol. iL p. 232). 
The Delta of the Nile runs for 200 miles along the 
coast, and its head is 100 miles in the interior. That 
of the Ganges is far larger, for, with the conterminous 
delta of the Brahmapootra and intermediate rivers, it 
makes a coast line of more than 200 miles, and a flat 
which is 100 miles wide at a distance of 250 miles in 
the interior, its whole area being probably 50,000 or 
60,000 square miles. It was sunk into for an Artesian 
well at Calcutta to a depth of 480 feet, the well pene- 
trating some old land surfaces at several depths, 
proving former depression, and also beds of gravel, which 
likewise indicate a more rapid current formerly, and, 
therefore, a probably higher level for the land (Lyell), 
There is probably round the head of the Bay of Bengal 
enough river deposit to cover all England and Wales 
to a depth of 200 or 300 feet The Delta of the 
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Mississippi has an aiea of 13,600 square mileSy and 
carries the river out by a natural canal for a distance 
of about 80 miles into the Gulf of Mexico. A well 
was sunk in it to a depth of 600 feet, north of 'Sew 
Orleans, without reaching the bottom of the deposit 
The delta of the Orinoco seems to be as large as that 
of the Nile, but the rivers Amazon and La Plata 
have no real delta, a circumstance attributable to the 
strength of their currents, which, according to the 
accounts furnished by the Admiralty may be felt at a 
distance of several hundred miles from their mouths 
(Admiralty Manual of Scientific Inquiry, note, p. 24), 
and to the oceanic currents that sweep past them. 
Vast clouds of fine mud must be annually poured out 
by these rivers into the South Atlantic Ocean, and 
may float far and wide before they settle in the 
deeper parts of its bed. 

If we come nearer home in search of examples, 
we may point to Holland as the conterminous delta 
of the Ehine and other rivers, and made of mud 
brought down from the Alps and the other mountains 
of France and Germany ; and lastly to the wide fens of 
Cambridge and Lincoln as the conterminous delta of 
the Cam, the Ouse, the Nene, the Welland, and the 
Witham rivers. 

Shallow Sea Bottoms, — In the shallow seas sur- 
rounding our own islands, we may learn what becomes 
of some of the materials which are gained from the 
land by erosion either of the rivers or the sea. The 
Admiralty charts, like all other good charts, indicate by 
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letters the nature of the bottom as well as its depth, 
and by colouring of these charts with different colours, 
according as the bottom consists of sand or mud, we 
get a very instructive map of the deposits now being 
formed. 

In the English Channel, and in the shallow parts of 
the German Ocean and the Irish Sea, nothing liner 
than sand is found below low-water mark, small stones 
being noted in many parts of the English Channel. 

A large irregular patch of mud lies off the mouth of 
the Bristol Channel, stretching between the Scilly 
Islands and the coast of Wexford. This is at the 
bottom of water varying from 40 to 60 fathoms in 
depth, and it is entirely surrounded by rather shallower 
water, the bottom of which is marked as sand. Another 
larger area of mud commences farther west, where the 
depth increases to 60 or 70 fathoms, and this leads out 
by a narrow lane of 80 fathoms towards the oazy bottom 
of the deep Atlantic. Sand however is found at seve- 
ral places off the west coast of Ireland beneath water of 
100 or 200 fathoms in depth, and coarse sand with 
pebbles as large as nuts has lately been found by my 
friend Mr. Hoskyns, RN., on the Porcupine Bank, at 
a depth of 80 and 90 fathoms, 160 miles west of Slyne 
Head, in county Gralway.* 

* From the aspect of the sand and gravel dredged at this 
place, of which Mr. Hoskyns was kind enough to send me a 
sample, I should be inclined to doubt that it could be now in 
process of transport from the land. It seems more likely to 
have been an old drift-covered land that had been depressed 
beneath the sea. 
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In the Liah Sea, half-way between the coasts of 
Wexford and Cardigan, there is a considerable area of 
mud in water of 50 to 60 fathoms depth, and another 
small one between Bray Head and Holyhead, in a 
hollow varying from 60 to 86 fathoms, surrounded by 
sandy ground of 20 to 30 fathoms only. A long narrow 
strip of mud runs from the mouth of the Solway Firth 
down between the Isle of Man and Lancashire, lying 
in from 16 to 20 fathoms, the surrounding sandy 
bottom being generally, but not invariably, shallower. 
A longer and larger strip of mud lies between the Isle 
of Man and Ireland, running up between the coast 
of Antrim and the Mull of Galloway, where the depth 
reaches in one part to 149 fathoms, and continues into 
the mouth of the Clyde as far as the water retains any 
considerable depth. The bottom seems always to be 
muddy in the central parts of the area, where the depth 
exceeds 60 fathoms, and sandy on the shallower slopes 
towards the shores. It would appear as if these sandy 
banks protected the mud that had sunk into the 
hollows from removal by the sweep of the currents. 

Judging from these facts it is evident that even the 
large deltas found at the mouths of rivers do not give 
us the full account of the amount of erosion they have 
performed. Large portions are carried out to sea by 
the river itself, or by the wearing of the sea breakers on 
the delta. The Nile delta is said to have been pre- 
vented from enlargement, for several centuries at least, 
by the sea currents that sweep past it. Like all the 
deposits of a river valley, the rest of the delta mud is 
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but a temporary one ; frequent removal to lower parts, 
frequent replacement by similar matters from above^ 
and final delivery to the ocean, is the rule of procedure. 
The delta and the alluvial flats of a river are like the 
balance which a merchant keeps at his banker's, con- 
stantly drawn upon in one direction and as constantly 
replenished from the other, but never representing in 
amount the whole value of his transactions. 

Glaciers and Icebergs, — ^In high latitudes, as in 
Greenland or South Shetland, the water precipitated 
from the atmosphere is all frozen, that is, it falls as 
snow instead of rain. This is what occurs even in the 
Torrid Zone wherever the land exceeds an altitude of 
15,000 or 16,000 feet above the sea, and in all other 
latitudes at a less height in proportion to their distance 
from the Torrid Zone. In the Alps the snow line in 
summer occurs at a height of 8000 feet above the sea. 
About the North and South Poles it comes down to 
the level of the sea. As in regions of perpetual snow 
even the hottest summer's sun fails to melt all the 
snow that falls in a year, it follows that there must be 
a continual accumulation of it, and, if there were no 
way of getting rid of it, all the water in the world 
would be eventually transferred to these regions and 
remain there in a solid form. This is prevented, how- 
ever, by the conversion of the lower part of all per- 
petual snow into ice, partly by the pressure of the 
superincumbent mass, and partly by the percolation of 
water, derived either from the occasional melting of the 
surface by the sun, or from still rarer rain showers. 
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This ice then slips and slides over the sloping rocks 
beneath, until, in high latitudes, it is pushed into the 
sea, or in wanner districts it melts away in the valleys 
below. These moving ice masses are called Glaciers, 
and the portions which are broken from time to time 
from off the margins of those glaciers that end in the sea 
are called Icebergs. 

All the interior of Greenland is covered by one 
enormous glacier of great thickness, constantly added 
to by every fall of snow, and always giving off icebergs 
to the sea. On the west coast of Greenland great 
glaciers are described by Dr. Kane and Dr. Eink, 
some of them extending for as much as 60 miles along 
the shore, and spreading out to sea for many miles in 
front of it, so that it is impossible to reach the land. 
Some of the glaciers of Greenland are 2000 feet thick, 
and the ice region is believed to be 800 miles wide, 
almost all of it sliding off towards Bafl&n's Bay. The 
icebergs derived from its edge are sometimes many 
miles in extent, with cliffs rising from 100 to 200 feet 
above the sea, involving a thickness of nine or ten 
times that amount below water. 

The glaciers of the Alps are sometimes as much as 
600 feet in depth, and they fill the valleys for many 
miles below the snow line till they come down to a 
level of about 4000 feet below it, where they terminate, 
in consequence of the ice melting into water and pro- 
ceeding as a brook or a river. 

As may be easily supposed, the sliding of such 
enormous masses over the surface of the rocks grinds 
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and polishes them and wears them away ; stones frozen 
into the base scratch and groove the rocks, and the 
result is the production of a quantity of fine powder or 
mud, of which all glacier rivers are as full as the water 
from a stone-mason's yard when sawing and polishing 
is going on. A lump of glacier ice dissolved in a 
tumbler of water makes it as turbid as a spoonful of 
milk would. This proves that the glaciers exert a 
greater erosive effect on the sides and bottoms of the 
valleys than the rivers, since no rivers are so continually 
muddy as those which proceed from glaciers. 

Glaciers bring with them, moreover, not only mud 
and sand, but blocks of all dimensions. Whenever a 
glacier rubs against a crag or cliff of rock it receives 
on to its surface a continued supply of blocks derived 
from it, and carries them forward in its course. A Hne 
of such blocks may generally be seen on each side of a 
glacier. When, however, two glacier valleys meet and 
coalesce, the two streams of stones on their adjacent 
sides must also coalesce, and proceed together below 
the point of junction down the middle of the glacier 
below. As a large glacier, like a river, is made up of 
the union of many smaller ones proceeding from dif- 
ferent valleys above, the lower part of it is often 
covered with many streams of stones derived from the 
coalescence of the numerous tributary glaciers, and 
these are all carried forward to the place where the 
glacier terminates. Here they are all thrown down in 
a confused pile of blocks and rubbish and dirt, which 
in Switzerland is called a " moraine." 
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The heap at the end of a glacier is distingnished 
as the " terminal moraine/* the line of stones travelling 
down its sides being called the " lateral," and those in 
the middle the "median moraines." 

It is obvious that blocks of almost any size, and of 
any conceivable shape and angularity, even large flat 
slabs, may be thus transported along the whole length 
of a glacier, and such masses are seen in the moraines 
of the glaciers of Switzerland and of other parts of 
the world. 

But where the glaciers now terminate in the sea, 
and fragments of them are every now and then floated 
off as great icebergs, any blocks they may carry or 
contain wiU be floated off with them, and will travel 
with them till the icebergs dissolve, and drop the 
blocks to the bottom of the sea. Now some icebergs 
travel even hundreds of miles before they finally melt 
away, so that blocks of rock of great size may thus be 
carried far from their parent sites, and dropped on the 
the sea bottom in places where no similar rocks have 
ever been formed. If, then, that sea bottom were 
lifted up, and became dry land, it might be difficult at 
first to imagine any means by which such blocks could 
have b^en carried there. This very difficulty actually 
occurs with respect to large blocks and boulders, 
now found lying many miles from their parent sites, 
in the British Islands, and the north of Europe and 
America, and can only be solved by supposing that they 
have been carried by icebergs when these countries 
stood at a lower level, so as to be covered by the sea. 
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Such being a "brief sketch of the agencies by which 
rocks are continually being destroyed, and the mate- 
rials transported to the bottom of lakes and seas, there 
is little difficulty in comprehending how these mate- 
rials are re-constituted into rocks. If the bed of a 
lake or a sea receive through a period of many thousands 
of years, or centuries, layer after layer of these mate- 
rials, they will ultimately form a thickness of many 
hundreds and even many thousands of feet. The mere 
weight and pressure of the upper part of the mass will of 
itself consolidate the lower beds. lime, and iron, and 
silica, or other substances diffused through them in a 
soluble state, may in some cases cement the particles to- 
gether. If a thickness of several thousand feet be eventu- 
ally deposited, the lower part will then acquire a higher 
temperature, derived from the internal heat of the earth 
— as mentioned in Chapter I. — and heat may aid the 
consolidation imparted both by pressure and by cemen- 
tation. If forces of disturbance and elevation begin to 
act upon them from below, the pressure of these forces 
acting against that of gravitation will also aid it in 
its power of consolidation. With all these agencies 
brought into play, one after another, it is easy to see 
how soft mud or clay may be hardened into the 
hardest slate-rock, or how loose sand and gravel may 
be compacted into the firmest and toughest gritstone 
or pudding-stone, even making it hard enough to take 
a polish. 

The rocks originating in this way may be classed as 
the arenaceous, which are usually most purely quartzose. 
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and the argillaceous, or those containing enough silicate 
of alumina to form clay. 

The Arenaceous rocks then are sand, silt, gravel, 
shingle, and rubble, in their incoherent state ; Sand- 
stone, Gritstone, Cortglomerate, and Breccia, when com- 
pacted together — Breccia being a mass of angular, and 
Conglomerate a mass of rounded, fragments or pebbles. 

The Argillaceotis rocks are mud or clay in their soft 
state, Shale or laminated clay which splits easily into 
thin plates, Clunch or coarse sandy clay. Marl or cal- 
careous clay. Clay-rock or indurated day, and finally, 
Clay-slate, which splits into hard firm plates, not like 
shale because it was deposited in thin layers, but in 
consequence of a structure imparted to it by a subse- 
quent agency, as will be described in a future chapter. 

Note. — ^This chapter had been sent to the printers 
some time before I became acquainted with an excellent 
little work called "Eain and Rivers," published in 1857 
by Colonel George Greenwood, in which the atmospheric 
origin of all river valleys is advocated in the clearest and 
most convincing style. I would beg leave to recommend 
it to the perusal of all Geologists. 

Two very good instances of the action of the atmo- 
sphere on Granite rocks have lately appeared in the first 
part of the tenth volume of the " Journal of the Geologi- 
cal Society of Dublin." 

The first is in a paper by Mr. T. W. Kingsmill on the 
Geology of the East Coast of China. 

In describing the Granite of the mountains near Can- 
ton, he says — ^^ This Granite, wherever it occurs, has been 
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deeply disintegrated, sometimes to a depth of 100 or 200 
feet, wHlst everywhere, imbedded in the soft, yielding 
matrix, there occur nodules of more quartzose character, 
which have resisted the effects of time and chemical change. 
The original quartz veins of the granite, broken into small 
fragments, still traverse the disintegrated mass in all direc- 
tions. ... In the higher grounds the matrix has 
generally been removed . . . leaving these pseudo- 
boulders perched all over the granite hills." 

In the same number of that Journal there is a paper 
by Captain Meadows Taylor on the Geology of the Shora- 
poor district in Central India, in which he figures and de- 
scribes some most extraordinary masses of granite, forming 
fantastic columns and piles of rounded blocks, of all sizes 
up to 50 feet in diameter, some of the piles being more 
than 100 feet in height. The blocks rest one on another 
with such a slender and precarious balance as if just about 
to topple headlong, having evidently been left in this 
position by the gradual waste of the surrounding rock 
under the influence of the rain. These perched blocks are 
very numerous in the district. 

I have seen similar ones in the tropical parts of the 
NJl. coast of Australia. The logging or rocking-stones 
of Cornwall and other places are the result of the same 
natural action. Granite is decomposed in situ into a mere 
sand, so that it could be dug out with a spade, in several 
places in Ireland, in Leicestershire, and in Brittany. On 
the summits of ridges and on steep slopes the grains are 
washed down by the rain as fast as they are loosened 
from the blocks, so that only the hard crags are left. 



CHAPTEE VIIL 

SUMMARY OF THE PRECEDING CHAPTERS. 

In the seven preceding chapters a slight sketch has 
been given of the principal physical operations which 
are now taking place in or upon the crust of the globe. 

The amount of any one of these operations which 
is brought about, at any particular place, during the life- 
time of any one man, may be so small as to be almost 
imperceptible ; and he may at first, accordingly, think 
the operation itself hardly worth regarding. This, 
however, would be a great mistake. We might as 
reasonably disregard the lapse of time because, at a 
hasty glance, we could not perceive any motion in the 
hour hand of a clock, or the shadow of a dial. 

The principal bulk of all the dry land on the globe, to 
a great depth beneath the surface, is formed of rock that 
has been accumulated, grain by grain, at the bottom of 
the sea. This is true also for much of the rock that 
lies beneath the sea itself, perhaps for almost all of 
it. This grain by grain accumulation has taken place, 
not everywhere at once, but piecemeal and in patches, 
here and there about the globe, just as our present seas 
and lakes are now receiving small and partial beds of 
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sand, or mud, or lime, first in one place and then in 
another. The dry land which seems so solid and im- 
perishable is slowly wasting away, every hill and 
mountain, every valley and every plain losing some 
little particle from time to time. If any mass of land 
lose hut one single grain per annum, and that loss he 
continued for as many years as its bulk contains grains, 
it must ultimately he altogether destroyed, and its 
materials strewed over the bed of the sea. 

This process is no vain imagination of the brain, 
nor unnecessary supposition of that which only might 
take place, it is a literal and certain truth, it is going 
on around us every day of our lives, and has been 
going on for a period of time vast beyond all human 
conception, unceasingly, uninterruptedly, day and night, 
summer and winter, over the whole surface of the earth. 

Our dry lands are slipping and sliding from under 
our feet more slowly but as surely as the glacier slides 
beneath the feet of those who traverse it, and think 
it, perhaps, to be not only solid but immovable ice. 
The life of a man is as transient in the one case as 
the passage of the traveller in the other j even the 
duration of nations of men and the existence of the 
whole human race covers but a small part of the time 
that has elapsed during some of even the most recent 
of the great changes that have taken place on the sur- 
face of the globe. The geologist is of all men the one 
who is likely to be most fully impressed with the 
graphic truth of the comparison which Homer puts 
into the mouth of Glaucus in his singular colloquy with 



116 SUmiART OF THE PRECEDING CHAPTERS. 

Diomede, between the succession of the generations of 
men and the fall and renewal of the leaves of a 
forest : — 

offi m^ f uXXflav yivs^, rotrids xai avd^Zv 

f uXXa rSt fiiv r* a/s/nog '^afhabig ;^gg/, aXXa bl ff DX^ 

&i &vb§Si¥ yivsiiy n f^^^ ^^^^ i b* airoKriyii. 

Iliad vi. 146. 

Like as the generation of leaves, so also of vnen ; 

For the mnd streweth the leaves on the ground, hut tlie 

forest, 
Putting forth buds groweth; as the season of spring com^th 

on; 
J%u$ the generation of men, the one groweth, the other 

Cometh to an end. 

To the mind's eye of a geologist, however, not only 
are the leaves fleeting, but the trees and even the forest 
itself; for he looks back to the time when the very 
ground on which it stands did not exist, and forward 
to that when it shall be no more. 

Before any firm step can be taken in the study of 
geology this enlarged view of time must be clearly 
gained and fully comprehended as a reality. Without 
it we cannot understand even the plainest and simplest 
fiftcts, not so much as the formation of the commonest 
stone about us, or of the sand and pebbles on which 
we daily walk. With it we can comprehend how the 
very slow and gradual action of such operations as have 
now been described can produce vast changes in the 
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composition and in the structure and position of the 
component parts of the earth's crust. 

Let us briefly sum up these operations : in Chap- 
ter I. we saw reason to believe that the earth has a 
great internal temperature. In the four succeeding 
chapters, we learnt something of the external manifes- 
tations of this internal heat. It appears that molten 
rock exists beneath the solid external crust, and that 
smaU portions of it are now and again ejected on to the 
surface in the form of lavas and ashes. These ejections, 
however great their mountainous piles may appear to 
us, are obviously but the little spittings and boilings 
over of the great furnace below. 

We also learn that while large portions of the 
crust of the earth remain tranquil and motionless for 
long spaces of time, other parts are occasionally shaken 
by vibrations, and are permanently raised or lowered, 
either with earthquake shocks, or slowly and gradually 
so that the movement is not apparent to our senses. 
These motions affect the whole thickness of the earth's 
crust to some great but entirely unknown depth, and 
are obviously those by which the ground that was the 
bottom of the sea has been raised into dry land, or the 
dry land depressed so as to become the bottom of the 
sea ; and by which the originally horizontal beds com- 
posing the earth's crust have been tilted, and bent, and 
broken, in the fashion in which we find them in our 
lulls and mountains, and even beneath so many of our 
plains. 

In the three subsequent chapters we saw that on 
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those parte of the earth's crust which become depressed 
lH>neath a certain level, and therefore overflowed by 
tho sea, deposition of materials is always occurring, 
now in one part and now in another, those materials 
ultimately forming solid rock. These materials are the 
result either of the mere mechanical transport of frag- 
mentary solid matter, or of the re-solidification of 
matter that had been dissolved, the latter taking place 
cliicfly through the instrumentality of the vital action 
of animals or plante. 

The ocean, then, is the great producer of stratified 
rocks, and its bed the womb in which those rocks are 
generated, whUe the air and its wind, and the surface of 
the sea which that wind agitates, is the destructive 
power under the influence of which all previously 
formed rock is liable to be ground down. 

Here comes in a curious conclusion ; supposing that 
at some long past period of the earth's history all those 
Lotemal powers, of which earthquakes and volcanoes 
are external symptoms, had become quiescent and 
altogether ceased to act, many, if not all, of the dry 
lands of that period would before this have disappeared, 
and their materials been strewed beneath the sea. 
There might then have been no dry land left upon the 
globe if fresh areas of it had not been elevated. These 
great internal powers of disturbance then, which some- 
times at the moment of their paroxysms produce such 
temporary ruin and destruction to man and his works, 
are in reality beneficial and conservative agente, and 
actually necessary to the life of the globe as a habitable 
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world, in keeping up a proper balance of dry land upon 
its surface. Not only are the rocks, which have been 
elaborated beneath the sea-level, from time to time raised 
above it, now in one part, and now in another, but 
their deeper parts are indurated and soUdified, and 
often half crystallized by the heat proceeding from the 
interior, and they are moreover strengthened and sup- 
ported by means of great masses or large bands of 
igneous rock thrust up and injected among them. Addi- 
tions are even made to their surface also by the igneous 
materials ejected through them, either in a molten state 
as lava, or as fragmentary ashes. 

There is then a constant action and reaction in the 
various physical agencies which are always at work on 
different parts of the earth's crust. Apparent destruc- 
tion is constantly taking place in some parts, only to 
prepare the materials for re-construction in others. 
Powers which seem to cause nothing but ruin are in 
fact employed in repairing the ruin caused by agents 
that seem harmless. The precipices and peaks of the 
mountain crests, the ravines and abysses that yavi^n in 
their flanks, are not, as is often supposed, the result of 
the convulsive action of internal force, but of the slow 
and silent influence of the weather through uncounted 
time. The materials gained from this erosion and 
partial destruction of the mountains now form the most 
fertile plains, or wiU form them when the internal 
forces lift them from beneath the sea. 

The heat and force which are occupied below in 
hardening and kneading together the materials of future 
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mountain chains, and which nlfdmately raise them to 
within the region of atmospheric destruction, are in fiact 
preparing them to resist that destruction, as long as 
possible, so that they may be able to stand for a time 
as mountains, in order to condense the atmospheric 
moisture, and send it down upon the plains in refresh- 
ing showers and fertilizing streams. The internal 
movements, which have tilted or bent or broken the 
beds below the surface, have in that way brought them 
within the reach of man, and facilitated his extracting 
those which may be of use to him. These fractures 
also compel much of the atmospheric water which 
sinks at one part beneath the surface to come back to 
it as springs in another. They form cavities, also, which 
become the receptacles of useful minerals that require 
the more recondite chemistry of nature's laboratory to 
be put in action for their production. We may reason- 
ably conclude then that the advantage of mankind was 
one of the ends contemplated by the great Author of 
Nature in the creation of all this wonderful and elabo- 
rate machinery, though geology combines with astro- 
nomy in rebuking the impertinent presumption which 
would make Man the be all or the end all of the crea- 
tion of the universe, since all the operations and pro- 
cesses which are here alluded to have been in operation 
for a time compared to which that of the existence of 
man is but as a rain drop to the ocean. 



PART 11. 

Some of the Facts observable in the Crust 
of the Earth. 



CHAPTER IX. 

SIHATIFICATION, JOINTS. 

I WILL now suppose that the preceding chapters have 
been read, and that the facts stated and conclusions 
drawn have been accepted as true. 

Before we can proceed farther, however, with any- 
thing like satisfaction, I must ask you to do something 
else than read. You must go out and observe. Unless 
you do this, it is of no use to attempt to understand 
anything more of geology. 

A blind man might just as well try to learn the art 
of painting as any one attempt to understand geology 
without personal observation of those objects on the 
structure of which the whole science depends. 

If I were to ask if you ever saw a gravel pit, a sand 
pit, or a stone quarry, you would probably think it a 
very silly question. Yet the chances are a hundred to 
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one that you never did really see what is to be observed 
in them. If, therefore, there be any kind of opening 
into the earth, be it natural or artificial, pit, or clif^ or 
quarry, or cutting, within a walk of you, I must insist 
on your going, not merely to see that such a thing is 
there, but on your studying it attentively ; and taking 
every opportunity of doing this, for every difTerent kind 
of rock you can meet with. If you do not choose to do 
this you must take your geology on trust, and indeed 
had better shut up. this book and not trouble yourself 
any further on the subject. 

If, however, you will take the slight trouble of 
walking out and opening your eyes, and really seeing 
things instead of merely looking at them, and if you 
will then ask yourself the reason of what you see, and 
how it came to be as it is, you will find that cliffs and 
quarries may become as interesting and instructive as 
books ; and I will endeavour in this chapter to help 
you to read them. When you have acquired that simple 
art, you wiU find yourself almost in the condition of a 
man in a foreign country, who, having been hitherto 
ignorant of the language, has eventually acquired it, and 
begins to understand what the people around him are 
talking about. 

Lamination and Stratification, — Let us suppose then 
that we visit a quarry or a clifT of sandstone, or limestone, 
or shale, or any variety of stratified rock, and that these 
beds are nearly or quite horizontal The first and most 
obvious fact is, that there are beds which are naturally 
distinct from each other, and if a large face of the rock 



STRATIFICATION, JOINTS. 123 

be tumbled down these beds readily separate from each 
other. What is the reason of this ? Let us look a little 
more closely at them, and take in the first instance a 
single block of rock or part of one bed. In most cases 
this block will have a sort of " grain," parallel, or nearly 
so, to the upper and lower surfaces of the bed ; and will 
break or split more readily in the direction of this 
** grain" than across it. On more closely observing the 
" grain," and employing a magnifying glass if necessary, 
we shall perceive that the "grain" consists of various 
layers, sometimes as thin as paper, differing from each 
other in texture or colour or composition. In all shales 
and in micaceous sandstones the cause of the grain or 
lamination of the rock is very obvious. It is plain that 
the bed was formed by the gradual accumulation of thin 
films of clay or of micaceous spangles settling down at 
the bottom of «ome water from time to time. 

Had large quantities subsided at once, and very 
rapidly, the arrangement of the particles would have 
been confased, and the whole have formed but one in- 
separable layer. As in many cases 50 or 100 of these 
films or layers can be counted in the thickness of an 
inch, it follows that so many separate acts of deposition 
were required to make that thickness. 

This is obviously a process requiring some time, so 
that a bed of a foot or more in thickness could not have 
been formed in less time than several years, to say the 
least of it. 

Other beds which do not shew this very fine lamina- 
tion may have been more rapidly accumulated, and of 
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Moiuo porhaps the whole mateiials were swept into the 
water by a single flood or other accident, and subsided 
at onco to the bottom. 

Uf however, we are compelled to allow some con- 
nidorablo time for the formation of a single bed that is 
made up of many laminae, each the result of a separate 
act of deposition, we must, by the same rule, allow a 
much longer period of time to be necessary for the 
accumulation of several successive beds lying one over 
the other, such as we can see in all quarries of stratified 
rock. 

If their entire materials had been thrown down 
rapidly or at once they would not have had the arrange- 
ment of separate beds, but would all have made one 
confused mass. The very fact of the beds being separate 
proves that they were formed at separate times, and 
that the intervals between these times were long enough 
for a partial or complete consolidation to take place in 
one bod before the next was deposited upon it. 

What the real length of these intervals was we can- 
not tell, but in some cases we have distinct proof that 
it was very long — long enough for some generations of 
animals to live and die in the water before the deposi- 
tion of the next bed, or long enough to allow of several 
other beds being formed in another part of the water, 
which there intervene between the two. 

In Fig. 6 these facts of lamination and stratification 
are represented in a rough diagrammatic fashion, for the 
purpose of making them distinct, the lined beds being 
intended for shales, the dotted for sandstones, and the 
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plain bed in the centre for a limestone more or less 
entirely composed perhaps of layers of fossils, which, 
however, are not drawn. 
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Pig. 6. 
Lamination and Stratification. 

Simple as are the facts now described, they are really 
the foundation on which the whole superstructure of geo- 
logy rests. 

All that is required to be taken for granted is, that a 
series of beds, resting one on another, were formed in suc- 
cession, that the lowest is the oldest and the uppermost 
the newest, and that the relative place of the others 
proves their relative age. 

Joints. — In Fig. 6, besides the horizontal lines repre- 
senting the lamination and stratification, there are some 
vertical and oblique lines cutting across the beds. These 
represent the "joints," which may be observed in every 
exposure of solid rock of any kind whatever. 

They are those natural planes of division which 
result from the contraction which is a necessary conse- 
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quence of solidification. Joints or natural cracks of some 
form or other invariably occur in dried mud or clay, in 
starch, and in the slags of an iron or glass furnace ; and 
they may be observed in the newly formed coral rock 
on the surface of a coral reef, in lava streams only just 
cooled, as well as in all other rocks. 

They are generally numerous in proportion to the 
amount of induration which a rock has undergone, and 
vary slightly in form and character according to the 
structure and texture of its materials. 




Fig. 7. 
Joiuts in limestone. Qaai-iy near Mallow, county Cork. 

In bedded or stratified rocks there are commonly 
two principal sets Of joints nearly at right angles to 
each other, and also at right angles to the stratification, 
besides others more irregular and running in various 
directions. 

Fig. 7 is taken from a sketch of a limestone quarry 
near Mallow, county Cork, drawn by Mr. Du Noyer, but 
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almost any other quarry would have done as welL The 
regular lines which slope gently from the spectator to- 
wards the left represent the planes of bedding or strati- 
fication, the vertical lines across these are joints. The 
faces of rock, one set of which receive the light, while 
the other set are in shadow, are the surfaces formed hy 
the two sets of joints cutting the planes of stratification 
at right angles, and also cutting each other at right 
angles, and thus making the square comers. 

Of course the phrase " at right angles" is used here 
with a certain amount of latitude, and square means 
" squarish." 

It sometimes happens that numerous small irregular 
oblique joints more or less obscure the two regular and 
rectangular sets, and the rocft will fall naturally into 
blocks of very various shapes. It is, however, obvious 
that in stratified rocks there must be at least two sets 
of joint planes besides the planes of stratification, in 
order to cut up the beds into blocks. 

In igneous or unstratified rocks it is equally obvious 
that in order to form squarish blocks we must have at 
least three sets of joints crossing each other, each set 
more or less nearly at right angles to the other two. 

A series of stratified rocks may be likened to a pile 
of sHces of bread and butter, and if we want to cut 
these slices into lumps, we give them two sets of cuts, 
one lengthwise, the other across. But a mass of un- 
stratified rock, without joints, would be like a whole 
loaf, which, if we wish to cut it into square lumps, we 
divide by three sets of cuts, one of which would spHt 
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it into slices, while the two others would be at right 
angles to the slices and to each other. 

Fig. 8 is from a sketch by Mr. Du Noyer in the 
granite quarries of Killiriey, near Dublin, in which all 
the faces of the rock are joint faces, and it will be seen 




Fig. 8. 
Joints in granite. Large quarries in Killiney HiU, near Dublin.— G. V. D 

that there are, besides some short irregular lines, two 
sets tolerably regular and j)arallel, one sloping at a high 
angle to the right and another to the left. These are 
the ends of joints going from the spectator, but there is 
another set crossing them, producing all those successive 
shaded surfaces which face him, the ends of which 
would be seen in the quarry by turning about and 
looking along them. If in an igneous rock one of the 
set of joints were absent it is clear that we should 
have long columns formed by the two other sets. It is 
only in such cases that great monoliths can be formed. 
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This form of jointing may be termed prismatic, as tend- 
ing to the production of prisms, while the ordinaiy 
kind may be called " cuboidal," as tending to the pro- 
duction of squarish blocks. 

The prismatic form of jointing may be seen in the 
sticks of starch which are sold in druggists' shops, and 
in the columns of basalt and other igneous rocks, where 
we have long many-sided prisms, varying in length 
from 5 feet up to 100 or 200, and in diameter firom 
1 or 2 inches to 6 or 8 feet. 

The Giant's Causeway and Fingal's Cave in the 
Island of Staffa are well-known examples of this pris- 
matic jointing. In those instances it happens to be 
exceedingly regular, but ruder examples of it may be 
seen in almost every quarry of basalt, in many expo- 
sures of felstone and greenstone, and in the central 
parts of numerous old lava streams in aU parts of the 
world. In the examples particularised above, the regu- 
larity of the columns and their transverse articulation 
into short pieces with a rude kind of ball and socket 
joint, are partly the result of a simultaneous tendency 
in the rock to assume a globular concretionary struc- 
ture. Where that is absent, the basaltic columns are 
often wrinkled and irregular, like starch. 

The joint planes that form the columns appear 
always to have commenced near the surfaces where the 
cooling and consolidation began, and to have struck 
thence towards the interior. 

Fig. 9 is a sketch taken from a photograph of a 
quarry in basalt, at a place called Pouk Hill, Stafiford- 
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shire. This basalt fonns a small motind there, and the 
colonms in the npper part of the monnd are nearly 
horizontal, bat shew a tendency to radiate in all direc- 




Fig. 9. 
Fouk Hill Quarry, near Walsall, Staffordshire. 

tions from the centre towards the original surface of the 
mound, while below they are vertical, striking directly 
down on to the floor of Coal-measure clay on which they 
rest. The tops of these vertical columns, however, are 
bent in, as if also affected by the tendency to radiate 
from the central portion of the mass. 



CHAPTEE X. 

INCLINED BEDS. 

In the imaginary quarry which we just now visited the 
beds were supposed to be horizontal They are, how- 
ever, in reality, quite as often inclined to the horizon at 
various angles. Each bed passes down into the earth 
under the one above it, and that goes down beneath the 
next, and so on. K we were to select any valuable bed 
and follow it by digging or mining, we should, in many 
cases, still find it going down deeper and deeper until it 
acquired a depth at which it would become unprofitable 
to work it, and we should be obliged accordingly to leave 
it still going down into the earth. 

This downward inclination is called the dip of the 
bed. The opposite to the dip is the rise, and we may, 
in some districts, where beds are exposed by a cross 
cutting, find a succession of beds rising up one after 
another quite regularly for a great distance. 

In these cases it is clear that the last bed which 
rises up must come from under the entire thickness of 
beds above it, and must lie at a correspondingly great 
depth at the other end of the cutting. 

The appearance of an inclined bed at the surface is 
called its outcrop or basset^ and any such exposure of a 
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series of beds, whether it be in an artificial cutting or 
in a natural clif^ is called by geologists a section. These 
sections are what a geologist first seeks for and studies 
when he wishes to learn the subterranean structure of 
a district 

As it is essential to understand how this investiga- 
tion is carried on, it will be advisable to explain it a 
little more fully. 

Having procured a good map of the district we are 
going to examine, a pocket compass, and a small in« 
strument called a clinometer, by which we can deter- 
mine the angle at which a bed inclines from the 
horizontal plane, we begin to look for exposures of 
rock. The district may perhaps at first appear to be 
entirely covered by soil and vegetation, but when 
thoroughly examined it may shew here and there some 
crags of bare rock, some bare clif& on the side of a 
river, some cutting on a road-side, or some quarries. 
Let Fig. 10 be a piece of our map traversed by a brook 
and a road, and suppose that we find four quarries of 
limestone in the north-east comer of the district, all 
the beds of which dip to the south-west at an angle of 
20°. Let us represent these limestones by the cross- 
barred lines in the north-east comer of the figure, 
drawing them in a north-west and south-east direction 
to represent their strike, and indicating their dip by 
an arrow with 20° annexed to it 

In' examining the banks of the brook, suppose we 
find, in two places lying in the same line of strikey 
some shales represented by plain close lines, a bed 
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of coal represented by the thick dark line, and some 
sandstones represented by dots, and, for simplicity's 
sake, let us suppose them aU to dip south-west at 
20°. Then suppose that we find one or two other 




Fig. 10. 
Geological Map. 

detached exposures of sandstone and shale to the 
south-west of the above with similar strikes and dips. 
And lastly, suppose that in the south-west comer of 
the district we find some more limestone of quite a 
different kind from that in the north-east comer, but 
still dipping to the south-west at 20°. 

It will be obvious at once that these limestones, in 
the south-west comer of the map, lie above aU the 
other rocks, while the limestones in the north-east 
comer rise out from underneath all the rest 
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But in sucli a case as that supposed, where the 
exposures of rock are sufficiently numerous, we learn 
not only this general fact, but we have data for calcu- 
lating the total thickness of the succession of beds 
which strike through the ground, and at what depth 
any one of them will be found if we desire to sink 
to it. 

The easiest way of making this calculation is by 
drawing a section, at right angles to the strike of the 
rocks, through any points we may select. Suppose 
that we wish to sink a pit, at the part marked " shaft" 
in the map, in search of the coal, and that before com- 
mencing wiB wish to know how deep the coal is there, 
and how far it is to the limestone below it. We take the 
map and draw the line A B from south-west to north- 
east through the spot we select for our shaft, and 
then with some levelling instrument ascertain the un- 
dulations of the ground along that line, taking the 
" level of the sea" as our " datum line." Having thus 
got the true outline of the ground, which we may sup- 
pose to be given in Fig. 11, we draw lines inclined at 
an angle of 20° towards the south-west at the several 
spots where the section line is cut by the outcrops of 
the beds, or by straight lines joining them, and this 
section will then shew us the depth at which the shaft 
will reach any of the beds. Similarly, if we wish to 
know the thickness of the whole succession of beds from 
the highest to the lowest of those exposed in the dis- 
trict, the length of the line marked " thickness," in Fig. 
11, drawn at right angles to the beds, will give it us. 
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when measured on the scale we adopt for our map and 
section. 

Now these are all exceedingly simple operations, 
but they give us results of very great interest and im- 
portance. Not only do they shew us how much we 
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Fig. 11. 
Oeological Section. 

may learn as to the subterranean structure of the 
ground beneath the surface at any particular place, but 
they explain to us how it is that, by continuing these 
observations and measurements at different places, we 
may extend this knowledge to depths far beyond the 
reach of any actual mining excavation. We may thus 
learn, by inference, the structure of the whole crust of 
the earth, while we can never hope to penetrate by actual 
exploration to more than a very trifling depth into it. 

It is true that as all beds are merely partial de- 
posits, and end more or less rapidly in all directions, and 
as moreover maoy beds vary in thickness in different 
directions, we might be thrown out in our calcula- 
tions as to the occurrence of any particular bed, or as to 
its exact place beneath any spot, but since these changes 
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only take place in a certain way, and with limitations 
which a little experience enables us to calculate on and 
allow for, we may, without any important error, follow 
out the several groups of beds, however much particular 
ones may have altered their character or been replaced 
by others in the space of ground we had passed over. 

It is indeed often wonderftQ how persistent a thin 
bed is, and how permanent are the characters of a 
small group of beds over areas of many square miles, 
or sometimes even many hundreds of square miles. 
At other times, it is true, their changes in thickness 
or character are rapid and frequent, leading hasty ob- 
servers perhaps very far astray, but only requiring care 
and perseverance to understand and explain. 

The angles of inclination at which beds of stratified 
rock may be observed to rest at difiFerent places, vary 
indefinitely firom the horizontal to the perpendicular. 

It is quite possible that some beds may have been 
originally deposited on a slope ; banks of sand and 
gravel, for instance, may be formed under water with 
sloping sides like those we see naturally or artificially 
formed on dry land. These, however, cannot be very 
extensive beds, for if a bed only occupy the space of a 
single square mile we can hardly conceive it possible that 
it could all have been deposited in a sloping position, 
since if it had, the bottom of the water must have deepened 
for a whole mile, and one part of it been so much deeper 
than the other that it would be very unlikely to have 
had a regular and similar deposit thrown down on it. 

When, then, we find beds tilted up at high angles, 
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and still more when they are nearly or quite perpendi- 
cular, we may feel absolutely certain that they have been 
lifted up by the internal movements of the earth, and 




Fig. 12. 
Vertical beds once horizontal. 

lifted more in one direction than in another, so as to 
have been set on end. Suppose, for instance, we found a 
set of beds like those in Fig. 12, some of which contained 
rows of rounded pebbles in regular layers, embedded in 
sand. It is obviously quite impossible that they could 
have been deposited in the position we now find them, 
since no natural action could plaster loose materials 
against an upright walL The beds must have been 
deposited in a horizontal position at the bottom of the 
water, and have been subsequently pushed up on one 
side or let down on the other, or otherwise tilted by 
both actions. 

There is also another very obvious deduction to be 
drawn from the inspection of this section and the one 
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given in Fig. 11, p. 135. The beds terminate abruptly 
at the present surface of the ground But they could 
not have terminated in this way when they were origi- 
nally deposited, as may be seen at once by simply 
holding the book so that the beds in Figs. 1 1 and 12 are 
horizontal, when it will be obvious that strata formed 
by the gradual deposition of earthly sediment in water 
could not end with such an outline as their present 
surface has. Gravel, sand, and mud, when settling 
down at the bottom of water, naturally spread over the 
bottom as equally and regularly as they can. Even 
when they form banks, the sides of these banks have 
gentle slopes. It is impossible even for man to make 
a bank of loose earth more steep-sided than a railway 
embankment, because the materials roll down if there 
is a steeper slope than one of about 30°. 

But such materials swept into water and carried by 
its currents until they settled to the bottom would 
never make a bank of any but the most trifling height 
with slopes at all approaching 30°. When, then, we 
find a series of beds many hundred feet thick, all rising 
up at a steep angle aud terminating abruptly at the 
surface of the ground, we may be sure that that is not 
their original termination, but that a part of them has 
been cut off and removed by some means so as to pro- 
duce the present surface. We shall have to recur to 
this subject in a future chapter. 



CHAPTEE XL 
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In the previous chapter we saw that strata were often 
inclined to the horizon at various angles, lying in fact 
in all positions from the horizontal to the perpendicular. 
But they are also often curved, so as to dip at different 
angles and in different directions. 




Fig. 13. 
Contortions at Lough Shinny, Comity Dublin. 

Contortions. — ^Where these curves are comparatively 
small, so that several of them are visible at once, they 
are called " contortions.'' 
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Fig. 13 is from a sketch by Mr. Du Noyer, of some 
clif& at a place called Lough Shinny, on the coast of 
Dublin, and represents some contorted beds of dark 
limestone, with thin black shale layers between them. 
It will be seen that the beds are crumpled and bent at 
every angle, both to the right and left of the spectator. 
But a visit to the shore at low water shews them to be 
curved fore and aft as well as sideways, in a way that 
could not be represented in any one sketch. Long 
oval domes rise up here, and long oval or variously 
shaped basins appear there. Li some places they look 
like nests of boats, one inside another, standing upright 
and cut down to one level, or else like boats bottom 
upwards, and the sides of the outer ones cut off so as 
to let the inner ones appear through them. In some 
places the beds of hard limestone are wrinkled up like 
a crumpled piece of stiff paper that has been squeezed in 
the hand. The beds could not have been soft when 
they were so squeezed, or they would have been all 
kneaded together into one undistinguishable mass. 
The softer beds of shale between the hard limestones 
are often thus squeezed and accumulated in pockets of 
the other rock. The contortion was in fact produced 
by the slow and gradual action of a great force, when 
the beds, already consolidated, were deep down in the 
earth, and the superincumbent pressure of the beds 
above them prevented them from breaking open as they 
would have done if the same force had been applied to 
them at the surface. 

Similarly contorted beds may be seen in many parts 
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of England and Wales, and Scotland, as well as in other 
parts of Ireland, and in many other countries j and the 
same conclusions may be always drawn respecting them. 
Anticlinal and synclinal curves, — ^When these 
curves are on a larger scale they are called " anti- 
clinal" and " synclinaV* curves. The anticlinal curve 
being that of which the sides incline upwards towards 




Fig. 14. 
Ideal plan of the outcrop of curved beds. 

each other like the roof of a house, while the sides of 
a syncHnal curve incline downwards towards each other, 
like those of a trough. 

Curved beds may be supposed to be bent over an ima- 
ginary line which maybe called the axis of the curve, and 
this axis may itself be either horizontal or inclined. 

When the axes are inclined, a map or plan of the 
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undulating beds will be something like that shewn in 
Mg. 14. 

Suppose that, in this plan, A represents the top of the 
bed No. 4, bent up into an anticlinal ridge and dipping 
east and west as shewn by the two side arrows on it, and 
that on the top of the ridge it also dips giently towards 
the north as shewn by the third arrow. Where the 
bed No. 4 sinks into the ground in that direction, 
the bed above it will of course meet over it and will 
itself gradually sink into the ground towards the north 
as well as towards the east aud west, and thus we shall 
get the beds 5, 6, 7, and 8 gradually coming in and 
curving over the top of the ridge. 

If we draw a section along the line CD across the 
curved beds, they will appear, as shewn in Fig. 15, dip- 




Section on line C D. ^>^ " ' ^y^'' 

Fig. 15. 

ping. on each side of A and forming the anticlinal curve 
there. If we now suppose that, after dipping for a 
certain distance towards the east till the bed No. 4 is 
covered successively by those numbered up to 13, these 
beds curve up again, they will form the synclinal curve 
B, and the beds will rise towards the east and crop out 
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again at the surface in that direction. But suppose 
that the imaginary line or axis about which this syn- 
clinal curve takes place is itself also inclined towards 
the north like that of the anticlinal, then the plan, Fig. 
14, will shew still higher beds coming into the hollow 
of the curve as we walk along it towards the north, and 
we shall get the beds numbered 14, 15, 16, 17, taking 
the ground in that direction. 

If then we were to draw another section across the 
curves farther north, between G and H for instance, it 
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Fig. 16. 
Section between G and H. 



F.a&t 



would be like that given in Fig. 16, in which the bed 
No. 4 that formed the surface of the anticlinal ridge 
in the southern section. Fig. 15, is now deep beneath 
the surface, which is here formed by bed No. 7. Simi- 
larly the bed No. 13, which was at the surface in the 
centre of the synclinal curve in the first section, is here 
deep below the surface, which is now formed by bed 
No. 16. 

This imaginary plan and its accompanying sections, 
although imaginary, were suggested by the actual survey 
of numerous examples. Abundant instances of similar 
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curves may indeed be seen in the maps of the Geological 
Survey of the British Islands, as well as in those of 
the government surveys of other countries, and they are 
familiar to all geologists who have examined districts in 
which the rocks have suffered much disturbance. 

These flexures of the solid rocks take place on every 
conceivable scale of magnitude. The map and sections 
given above might either represent a district of a few 
yards in extent, and the numbered parts single beds of 
two or three feet in thickness ; or they might represent 
great groups of beds, hundreds of feet thick, and the 
map be supposed to be one of a great country. 

Faults. — If hard and solid rocks can be bent into 
curves through a thickness of many hundred or several 
thousand feet, we shall have no difficulty in understand- 
ing that they might be broken through if the same 
force were differently applied, and also that the sepa- 
rated portions might be raised or depressed far above or 
below those with which they were originally connected. 

These fractures and displacements of large bulks of 
rock are called by geologists "dislocations" or " faults." 
The latter is a term introduced by coal-miners, though 
they misapply it in some districts by including other 
kinds of irregularities in beds which have no connection 
with fracture or dislocation. 

Fig. 17 is a section across a fault,. AB being 
supposed to be the surface of the ground, and a& a 
slanting fault breaking through the broad black band, 
which may be supposed to be a bed of coaL The two 
sides of the fault are spoken of as the " upcast " and 
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'^ downcast'' sides, and the amount of the dislocation 
measured vertically is commonly called the " throw " 
of the fault. 




Fig. 17. 
Section of a Fault 

If in Fig. 17 the depth of the upcast piece, where it 
is cut by the fault, be only 100 yards, while the depth 
to the downcast be 200 yards, the fault is said to have 
a "downthrow" or an "upthrow" of 100 yards. The 
terms "up" or "down" are used indifferently according 
to the side from which we view the fault, since it is 
generally impossible to say whether one piece has been 
upraised or the other depressed, or whether both move- 
ments may not have combined to produce the result. 

The amount of the dislocation varies from a mere 
" hitch" or "heave" of a few inches or a few feet, to a 
great throw of several hundred or even one or two 
thousand feet. Dislocations to that amount have been 
actually proved in coal-mining, and they can be calcu- 
lated with very considerable accuracy, without mining, 

L 
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where the outcrop of the broken beds can be seen near 
the fault which cats them, and the an^e of their dip 
ascertained. 

There are many ^femlts" which have been traced 
and laid down on the maps of the Geological Survey, 
both in North Wales and Ireland, by eYamining these 
broken outcrops, and some of them must have ^ throws" 
of at least 3000 feet, and probably more. 

It is worthy of particular notice that the form of 
the surface of the ground often gives no indication of 
these great changes of level in the beds below it. The 
surface ia often found to be quite level where mining 
operations prove great subterranean dislocations, and 
many sudden upthrows and downthrows. 

In other cases the features of the sur&ce do more 
or less coincide with the structures below, although 
even then it is a mere general correspondence in direc- 
tion witliout any identity in the shape, or in the amount 
of disturbance. This subject will be more fully treated 
of presently under the head of " Denudation." 



CHAPTEE XII. 

METAMORPmC OR ALTERED ROCKS, CLEAVAGE, 
FOLIATION, CONCRETIONS, MINERAL VEINS. 

At the close of Chapter VIL the different varieties of 
clay are enumerated, one of them being Clay-slate. It 
is stated there that Shale is a clayey deposit, which 
splits into thin plates in consequence of its deposition 
as thin separate layers, but that Clay-slate splits into 
plates which are formed in another way. The plates 
of Shale are generally soft or brittle, while those of 
Clay-slate are more firm, and sometimes very hard and 
tough, so as not only to make much larger and thinner 
plates, but plates that will resist a much greater force 
than Shale wilL 

Clay-slate is familiar to us all in " roofing slates " 
and " cyphering slates." Its hard, smooth, and even, 
but not polished sur&ce, and its fine grain, are as con- 
spicuous as the size and thinness of its plates, and it 
is obviously different from most other stones. The 
history of its production is a very remarkable one. 

Any one visiting a slate quarry must be struck by 
the fact, that all the rock will split readjfy in one given 
direction only, producing surfaces which run parallel to 
each other all over the quarry. 
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This tendency to split in one direction is called 
*' cleavage." There are other planes of division which 
separate the rock into great blocks, but these are obvi- 
ously the planes of stratification and the joint planes. 
In many slate quarries it is difficult to distinguish the 
joints from the planes of stratification, but in others it 
may be done by observing the marks of the lamination 
of the rock. The slates shew little parallel bands vary- 
ing in colour and texture, like those described at p. 123, 
and obviously formed by successive deposits of slightly 
differing layers of mud, or silt^ or sand. These bands 
— the *' stripe" of the slate, as Professor Sedgwick calls 
them — ^mark the original horizontal deposition, and the 
planes of division which are parallel to them are the 
planes of stratification. In some slate quarries, indeed, 
beds of Clay-slate alternate frequently with beds of lime- 
stone or of sandstone and conglomerate, so that the 
stratification there is left in no manner of doubt. 

Now, the peculiarity of the " cleavage" consists in 
this, that, no matter how the original beds may lie, or 
whether or no they undulate in different directions, the 
planes of cleavage cut straight through them and across 
them in the one given direction only. 

This "cleavage," then, must be a superinduced 
structure impressed upon all the rocks simultaneously 
after their formation, and either during the process of 
disturbance or subsequently to it. 

The "stripe" is rarely well seen in good slate, 
because the variations in texture, which make the 
stripe, prevent the slate from being good. The best 
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slates are those in which the original grain of the rock 
was like that of a thick mass of very fine clay, per- 
fectly even throughont. In such a mass the lamination 
and stratification is often imperceptible, even when it 




Fig. la 
Block of Clay Slate. 

is first formed, and it will therefore be still more diffi- 
cult to find it oat when it has become converted into 
slate. 

Coarse inferior slate, like that represented in Fig. 18, 
displays its origin better than the imer kinds. 

Fig. 18 is a portrait of a block of slate that would 
be worthless as a roofing or writing slate, but shews 
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thit ori^iial laminatioii and the tHatj deaYage Yery 
wttll. T}io block IB about a foot and a half high, and 
(Uiiuo from some small quarries in the neighbourhood 
of tho Devil's Glen in county Wicklow. The white 
puckurud bands which cross the block are pale green 
Ifiyors of a very fine sandstone or gritstone, the rest of 
tho block being purple clay-slate. The fine striae drawn 
oil the front of the block represent the deayage planes 
which do not traverse the pale bands. Hie lines on 
th<5 left side of the block are only the artisf s lines, 
which represent shadow and not the stmctore of the 
rock. The jagged edges at the top of the front shew 
tho tendency of the rock to split along the deayage, 
and how difficult it is to split any of the deaved part 
ftcross, in the direction of the bedding, so as to leave 
an even fracture, although, before the cleavage struc- 
ture was impressed on it, the rock must have had a ten- 
dency to split more readily in that direction than any 
other. 

We can learn thus far from the examination of a 
more specimen, but if we go out into " the field " and 
observe this cleavage structure over large areas, we find 
something still more wonderful about it. Spaces many 
miles across, even whole mountain ranges, have had a 
cleavage structure communicated to them, running in 
one given direction by compass, throughout their whole 
extent. It is however observable that the direction or 
strike of the deavage coincides with the general direc- 
tion or strike of the beds of the mountain chain when 
viewed on the large scale. 
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North Wales gives us a good example of this. The 
mountams of Gaemarvonshiie strike north-east and 
south-west throughout, and the cleavage always strikes 
north-east and south-west also. 

In the Berwyn Mountains, however, while the strike 
of the beds in their southern part is north-east and 
south-west, the beds and the hills curve round as we 
approach Corwen, and run nearly due east thence to 
the borders of Shropshire. The cleavage follows this 
change of strike with great regularity, since its planes 
dip to west 20° north, at an angle of 30°, between Bala 
and liangynnog, while they curve round so as to dip 
to north or to north 5° east at various angles in the 
country south of Llangollen. 

The dip of the cleavage is not so regular as its strike, 
inclining sometimes to one side and sometimes to the 
other of the line of strike, and varying almost indefi- 
nitely in the amount of inclination. 

The south of Ireland is traversed by a cleavage 
which strikes almost invariably east 25° north, and 
west 25° south, dipping either way at various angles in 
different places. Not only are the argillaceous rocks 
frequently affected by it in Ireland, but in many places 
fine sandstones also, and even- coarse sandstones and 
conglomerates, are split by it into rough slabs, or shew 
dog-toothed indentations parallel to it at the tops and 
bottoms of their beds. In county Cork even thick 
beds of limestone are often so affected by it as to be 
spoilt as marbles, or as decorative building stones, from 
having a tendency to split into a kind of limestone 
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slate, with thin seams of clayey matter often shewing 
on their sufEices. 

Cleavage occurs usually in districts in which the 
rocks have heen much disturbed and much indurated, 
though it is not perhaps an invariable accompaniment 
of disturbance and induration. Keither in cleaved dis- 
tricts does it occur everywhere ; spaces appearing some- 
times to be free fix)m it although surrounded by others 
of like character that are affected by it. 

The cause of slaty or transverse cleavage is now 
generally believed to be great mechanical pressure in a 
direction at right angles to that of the cleavage planes. 
Dr. J. Tyndall actually produced a cleavage in wax and 
other substances by a lateral compression. 

Foliation, — ^There are sometimes fotmd on the sur- 
faces of clay-slates, when first split open in the quarry, 
semiciystalline Hakes of chlorite or oth^ mineral sub- 
stances differing somewhat from the ordinary day-slate 
on each side of them. 

This would lead us to suspect that the great force 
which had thus compressed the substances of which 
whole mountain chains are composed, had generated 
heat, and set to work a chemical action in those sub- 
stances tending to alter their chemical composition as 
well as their physical structure. 

Mr. Sorby brought these facts imder the notice of 
the Geological Section of the British Association at 
Cambridge, and pointed out the inevitable connection 
between the mechanical and chemical agencies. 

We must also take into account the fact that all the 
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rocks exhibiting slaty cleavage, although they are now 
at the surface of the ground, where alone they can 
come under our observation, can nevertheless be proved 
to have been once deeply buried in the earth, and 
therefore to have been subjected to a higher tempera- 
ture than that which prevails at the surface. 

Let us suppose rocks, originally wet muds and sands, 
to be ultimately covered by many thousand feet of other 
similar beds, in consequence of the long continued 
depression of the sea bottom on which they were de- 
ported, and the repeated deposition of other beds over 
it. Then let us suppose that, after remaining stationary 
for another great period, that part of the crust of the 
earth begins to suffer from an accession of heat derived 
from the interior, and is affected by a slowly acting 
force of elevation, accompanying that heat, or caused 
by it — ^the heat and force varying in intensity perhaps 
in different parts of the area, or during different times of 
the long continued process. The consequence of such 
a process must be that the more deeply seated portions 
consisting of various mineral substances, containing vari- 
able quantities of water, acted on by different degrees 
of temperature to an imknown extent of intensity, and 
certainly subjected to immense pressure with various 
strains in different directions, and all continued through 
a vast period of time, must experience chemical in- 
fluences unknown in our laboratories and only feebly 
to be imitated in them. 

That the minetral constitution of such rocks, l^en, 
becomes very various and comphcafeed and very differ- 
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mi ttam any of those prodnced by procesBes open to 
our obflorvaiion ib only what is to be expected. 

Mr. Sorby has shewn by his microscopical inyestiga- 
iionii that the particles of even the dullest day slate 
ofton consist more or less of ponnded mica. 

JUfitainorphie Backs. — ^Mica and Feldspar aie the 
two most abundant sources of clay. Very few days 
iiru really pure, but contain iron and other substances, 
flucli OS lime and alkalies, which would act as fluxes and 
facilitate their conversion back into Mica or Feldspar. 
Most clays have some sand in them, consisting of quartz 
or silica, and if water be present this becomes soluble 
at no very high temperature, and fusible if lime or soda 
bo near it. 

Without attempting then to explain the details of 
the operations that take place in the great internal 
laboratory that must exist in the deeper parts of the 
earth's crust, nothing appears more probable than that 
Hands and clays which were in the first instance derived 
from tho destruction of crystalline igneous rocks, may 
bo eventually changed back into crystalline or semi- 
orystallino rocks of moro or less identically the same 
characters as those they had beforo. 

Tho metamorplwsed (or transformed) rocks then, 
consisting chiefly of Mica Schist and Gneiss, are strati- 
fled rooks that have, by some such processes as those 
wo have hinted at, been altered from mero clays and 
sands into '^ foliated*' rocks, or those which aro sepa- 
rable into leaves of different mineral substances. The 
foUation sometimeSi perhaps most usually, coinddes 
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with the original lamination of deposition, but where 
the rock happens to have gone through the interme- 
diate process of slaty cleavage, the foliation will just 
as likely coincide with the cleavage planes. 

^ot only have Mica Schist and Gneiss, and other 
similar compounds, been thus produced by the trans- 
formation of beds in situ, but also much Granite. 

Large masses of rock which are lithologically 
Granite, are geologically nothing but Gneiss, that is 
to say, they have been converted back in situ into 
Granite, afber having existed for some time as strati- 
fied rocks, derived originally from Granite. 

It is from this cause probably that much of the 
uncertainty has arisen as to the origin of Granite 
which has given rise to disputes on the subject. The 
specimens examined by many Chemists and Mineralo- 
gists, were not perhaps derived from masses of genuine 
intrusive Granite of directly igneous origin, but from 
masses of this re-formed Granite. It is possible per- 
haps that the two kinds of granite may be hereafter 
distinguishable by their mineralogical characters or 
chemical composition, but at present the geologist is in 
the best position to pronounce on them by means of a 
careful survey in the field, and by determining their 
" heJiaviour" with respect to the surrounding rocks, or 
the nature of the relations between the two. 

Concretions, — ^It is not, however, only in these 
rocks that have once been buried deeply in the earth, 
that subsequent changes in mineral structure and com- 
position have taken place. Great alterations often 
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occur which are quite independent of any causes outside 
the rocks themselves, but arise from the mutual actions 
and re-actions of the substances of which they are 
composed. 

When any rock, consisting chiefly of one mineral 
substance, has another substance diffused through it 
in a fine state of division, there seems to be an inevi- 
table tendency in the latter to gather itself together 
into local centreis, and form what are called concre- 
tions. 

Layers and balls, and strange irregular concretionary 
lumps of black flint, are thus often seen in white 
chalk, and similar masses of chert in hard limestone. 
Balls and lumps of limestone or ironstone are thus 
found in clays and sandstones. Crystals or nodules 
of iron pyrites, often shewing radiating fibres intemally, 
are found in clays and in chalk, and in all oidier 
rocks. Crystals or concretionary nodules of lead ore 
(galena) are often found in limestone, some of specular 
iron ore in hard red sandstone, and balls of hsematite 
or kidney iron ore form sometimes regular beds in 
limestone. 

In the latter case we must believe that hollows or 
cavities were formed in the limestone by the solution 
and carrying off of its substance by water, these hollows 
having been subsequently refilled by oxide of iron 
cl^>08ited by other water. In the other cases, however, 
this formation of a cavity in the first instance does not 
^ «eem to have occurred. The mineral forming the con- 

cretion seems to have passed through the interstices of 
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the sarronnding rock, and to have segregated itseK 
from all sides towards a centre, either entangling and 
including the substance of the rock it found there, or 
in some way removing it and taking its place. The 
percolation of water, as a dissolving substance, may 




Fig. 19. 

Sketch of Coal-measure shale weathering into spheroids, in a railway 
cutting near Mallow, county Cork, taken from the ** Explanation " of sheet 
175 of Maps of GeoL Survey, Ireland. 



have been in many instances, perhaps in all, necessary 
or conducive to this operation ; but it is a process of 
which much less is really known than ought to be 
known. K we cannot call it inexplicable, we may at 
all events set it down as hitherto unexplained. 
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In some rocks spheroidal concretions are formed that 
do not apparently contain any substance differing fix)m 
the mass of the rock in which they He. Magnesian 
limestone sometimes assumes the form of bunches of 
grapes, piles of cannon balls, or clusters of oval nodules, 
the lamination, or lines of deposition, running through 
all the rock quite independently of these forms. Some- 
times even parts of two or three beds are included in 
large concentric bands of colour several feet or yards 
in diameter, the rock shewing a tendency to decompose 
parallel to these bands. 

Some shales in the south of Ireland exhibit a very 
curious example of this structure, the whole rock de- 
composing into spheroids, some of the larger ones in- 
cluding two or three smaller, as shewn by the preceding 
illustration (see Fig. 19). 

Veins. — Most hard rocks axe traversed by small 
cracks running in various directions, and filled with 
some kind of spar. These are quite distinct £rom the 
joints mentioned in Chapter IX., and have altogether 
a diflferent origin. They are irregular veins often 
branching and splitting up into small tortuous strings. 

The spar found in these veins is usually calc spar 
in limestone rocks, and quartz in all siliceous rocks ; 
other minerals sometimes occur, but rarely in comparison 
with these two. It is clear then that the spar which 
fills these veins was derived from the adjacent rocks by 
solution, and deposited in the veins by crystallisation. 
Occasionally these veins are of a considerable size, as 
much as two or three feet in width and many yards in 
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length. Some of the namerous caverns also which 
occur in all limestones are sometimes filled up with 
calc spar, with or without crystalline deposits of galena 
or sulphuret of lead and other substances. 

These veins often resemble in form some intrusive 
veins of igneous rock, but they may be distinguished 
from them not only by their being filled by substances 
which are evidently not the products of fusion, but by 
their not proceeding from larger masses of igneous 
matter, which igneous veins can almost always be 
traced to. 

Lodes or Metalliferous Mineral Veins. — In some 
districts other veins occur which are called sometimes 
mineral or metallic veins, and sometimes lodes. A true 
lode is in reality a fault or fissure caused by fracture, in 
which open spaces have been left for a time because of 
the hardness of the walls and the irregularity of the 
fracture. These fissures have subsequently been fiUed 
up with crystalline deposits of various minerals, which 
are. called spars or ores according as they contain mere 
earths or useless metals, such as Calcium j or the more 
useful metals such as Zinc, Lead, Copper, Silver, and 
Gold, etc. Iron ore sometimes occurs in lodes, but is 
much more often procured from beds or from veins of 
a different character. 

True lodes sometimes resemble in their form dykes 
of igneous rock, but they may be at once distinguished 
from them by the nature of their contents, and by the 
respective difference in their relations to the surround- 
ing rock. 
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In what way the mineial contents of lodea or 
mineral veins have been brought into them is a 
question to which no sufficientlj authoritatiye and 
satisfactory answer has yet been given. 

Some persons suppose them to have been filled by 
minerals sublimed from the interior of the earth, and 
appeal to the prevalence of sulphurets and arsenurets 
among the ores in support of their belie£ Sulphurets 
of iron, of zinc, and of lead, however, are found in great 
abundance in situations where it is impossible they could 
have had this origin Crystals of galena and blende 
are found even in the inside of close ironstone balls. 

It is, moreover, impossible to separate the origin of 
the ores from that of the spars in which they are 
entangled and embedded, and as these are chiefly 
quartz and other substances to which we cannot attri- 
bute an igneous origin, it is equally difficult to refer 
the ores to that source. Many other considerations 
might be adduced in favour of the supposition that the 
contents of mineral veins were in some way derived, 
through the influence of water, from the very rocks 
which they traverse. Mr. Were Fox and others have 
pointed to magnetic currents as probably connected 
with their origin. The whole subject, however, is one 
which must be classed among those parts of Geology 
which still remain a ^^ terra incognita.^* AU that 
geologists know merely shews that there is something 
to be learned, and as that learning can only be gained 
by continued observations in mines, the geologists must 
look to the miners for their instruction. 



CHAPTER XIII. 

DENUDATION, UNCONFORMABILITY. 

At the close of Chapter X. attention was called to the 
fact of beds ending abruptly at the present surface of 
the ground, and the inference was drawn that this 
surface was one that had been formed by the removal 
of much rock that had at one time existed above, the 
present surface. If now you will just turn to Figures 
13 to 17 you will see still more convincing proof of the 
truth of that inference. 

Fig. 13 is taken from a careful sketch of an actual 
clifi. It will be seen that the contorted beds are all 
cut off at top by a nearly straight line, above which is 
an upper bank on which the figures stand, and that 
consists of loose gravel, clay, and sand. Examination 
of the sketch will shew that the beds which rise in the 
centre of the crumpled anticlinal are the lowest beds 
shewn in it, and that the beds in the sharp Vandyke, 
at the left of the sketch, must be the same as those in 
the similar vandyJce on the right of it. 

Those beds must have been originally continuous 
over the central arch, and the level surface could only 
have been formed by the cutting away and removal of 
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those parts tliat formerly connected the beds at the two 
ends of the sketch. 

K we examine the map in Fig. 14, and the two 
sections across it in Figs. 15 and 16, we cannot resist 
the conclusion that, as those beds were, like all other 
beds, originally horizontal and continuous, they must 
not only have been bent by forces of disturbance pro- 
ceeding from the interior of the earth, but large parts 
of them, as suggested by the dotted lines in Figures 15 
and 16, must have been removed and carried off in 
order to arrive at the present surface of the ground. 

Figure 17 is equally illustrative of the same thing, the 
surface being horizontal, while great changes in level 
have taken place in the beds below the surface on oppo- 
site sides of the fault. Multitudes of instances are met 
with in coal-mining where faults, of such magnitude as 
to bring in beds many himdreds of feet thick on one 
side of the fault, which do not eidst on the other, 
nevertheless run for miles beneath a level surface of 
ground. The inequality which exists below, has been 
entirely obliterated above, by the equal wearing down 
and removal of all the rocks so as to produce the present 
uniform surface. Even when there is an external feature 
which coincides with the subterranean structure in 
direction, it rarely, if ever, equals it in amount. It is 
sometimes even exactly opposite to it, the surface of 
the ground rising on that side of the fault where the 
beds below it are thrown down. This opposition be- 
tween the external feature and the internal structure 
is still more frequently observable! ' in bent beds, as in 
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Fig. 20 for instance, where the surface of the ground, 
at A and B, rises exactly where the beds below dip, 
while it falls on either side towards the centre of the 
figure where the lowest beds rise up towards it. 

Fig. 20 represents a frequent occurrence in Ireland 
where the low ground is often composed of limestone, 
while the hills are made of peculiar black shales rest- 
ing on the limestone, especially in those parts where 
the top beds of the limestone dip into a basin-shaped 
curve, so that the internal basin has an external hill 
over it. 




Section of Coal-measure Hills and Limestone Plain. 

Now the internal forces of disturbance, however 
they may bend or break the beds which compose the 
crust of the earth, cannot possibly remove and carry 
away any of the rocks at the surface. The only natural 
forces which can do that are those of moving water that 
act directly upon that surface. This action is called 
" Denudation," or the laying bare of rocks previously 
covered. The mode of action has been already described 
in Chapter VII., which treated it, however, not so much 
as the producer of forms on previously existing rocks, 
as the gatherer of materials for the composition of new 
beds. It was there shewn to be caused either by the 
atmospheric agencies wasting the dry land, or the erosion 
of the sea along the margin of land. It can only 
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take place then on rock which is at or above the level 
of the sea^ and thus in itself proves the existence of 
dry land. All surfaces of denudation must, at one time, 
either have been land surfaces, or must have had land 
surfewses directly above them. 

" Denudation/' either marine or atmospheric, is the 
agent which, with a few exceptions, has produced all 
the existing external features of the land, the forms of 
the mountains, hills, glens, valleys, and plains. The 
rocks of which the crust of the globe is composed have 
first been formed by aqueous deposition or igneous in- 
jection or ejection; they have since been variously 
hardened by pressure, or cementation, or heat, or all 
combined, and in many places have been bent and 
broken, tilted or dislocated, and thus kneaded as it 
were into a complex mass of very various kind, the 
different parts differing both in position and composi- 
tion. This complex mass has subsequently been worn 
and carved into shape by the erosive action of water 
brought to bear upon it, now in one place, now in another, 
the sea cutting into one part like a horizontal saw, 
rivers, cataracts, and glaciers, grooving it in others like 
gouges or graving tools. 

Even widely spread plains are often the evidence 
merely of the march of the sea across them and the 
removal by it of the mountains that once covered them, 
the highly inclined and contorted bases of the moun- 
tains still existing beneath the plains, like the founda- 
tions of old ruined cities and castles that had been 
long ago razed and levelled with the ground. 
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The only exceptions to the rule, that the form of 
the ground is due to the denudation, are to be found in 
th(}se very recent deposits which we see in alluvial flats 
and deltas, in hills of blown sand, and in the cones of 
active volcanoes on which the rain has not yet begun to 
produce any appreciable effect. 

Volcanic mountains are mountains of ejection. All 
other hills and mountains are either tJiose ofdrcumdenu- 
dation, which have been left comparatively high because 
of the wearing down and removal of the rocks that once 
surrounded them, or mountains of uptilting, the aqueous 




Pig. 21. 
Hills of Circiimdenudation. 

and igneous rocks of which are exposed by denuda- 
tion, but are still at a high level, because they have 
been thrust upwards from below by internal force. 

Fig. 21 will serve to illustrate what is meant by hills 
of circumdenudation, in which the beds that form the 
bases of the hills are continued beneath the adjacent low 
ground, while those that form the summits are not found 
there. 

Fig. 22 will in like manner shew what is meant 
by hills of uptilting, the summits of which are formed 
of beds that rise up from beneath the adjacent low 
grounds, while these low grounds are formed of higher 
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beds, that once spread continuonsly in horizontal sheets 
across the area in which the mountains now rise, but 
were worn away and removed during the process of 
elevation or subsequently to it. 

Most of the mountain chains of the world are of this 
latter form, and they all owe their general external out- 
line and the shape of their crests and summits to the 
influence of the action of the sea as they rose through 
its level ; while their internal valleys, and ravines, and 
glens, are the result of atmospheric action on them 
since they became dry land. 




Fig. 22. 
Hills of Uptilting. 

Unconformability. — ^Not only are the surfaces of 
our present dry lands all formed by this process of 
denudation, but many surfaces which formerly existed 
as dry land, and are now beneath the sea. Some of 
these old land surfaces that have thus sunk beneath 
the sea are now being covered by fresh deposits 
thrown down on them. They must ultimatdy be 
deeply buried by the beds of rock now forming at 
the sea bottom, and those which will successively be 
formed there. But this action of the depression of 
old land and the deposition of new materials upon it 
is not now taking place for the first time in the history 
of the globe ; on the contrary, we have in the earth's 
crust many such old sur&ces. There is perhaps not 
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a single great group of stratified rocks entering into 
the composition of the crust of the earth, that cannot 
be shewn to rest somewhere on an old surface of denu- 
dation, and to have in some part or other a denuded 
surface of its own on which some newer formation re- 
poses. Wherever one formation rests upon the old 
denuded surface of another, it is said to be '' uncon- 
formable" to it. This unconformability is sometimes 
obvious throughout, as it would be in Fig. 23, where 




Fig. 23. 
Simple Unconfonnability. 

the lower group of rocks m m have been tilted as well 
as denuded, and the horizontal surface A B produced, 
on which the horizontal beds XXX have been de 
posited. In other cases, as in Fig. 24, the new surfece 
may have been formed without any tilting of the beds. 



Y V 




Fig. 84. 



and both the old set m m, and the new X X, may remain 
horizontal, or be equally inclined in the same direction. 
In this case, the unconformability may not be obvious 
at A or B, although it will at C or D, where the old 
surface cuts abruptly across the lower beds. 



CHAPTER XIV. 

ON FOSSILS AND THEIR MODE OF OCCURRENCE. 

It has been stated in some of the preceding chapters 
that the crust of the earth is principally composed of 
stratified rocks, which were formed under water. These 
were of course chiefly formed in the sea, though some 
smaller parts were deposited in the beds of lakes or at 
the mouths of rivers. In whatever water they were 
formed, it is to be expected that these deposits would 
from time to time enclose the bodies of some of the 
animals and plants that lived and died in the water, 
and occasionally even some of those which were swept 
into it from the land. We saw in Chapter VI. that 
marine Hmestone was derived from the fragments of 
animals, and that coal was formed by the decom- 
position of plants. Many sea animals burrow into 
mud and sand, and live there habitually ; and the dead 
bodies of others must be occasionally buried in such 
deposits. Some of the animals and plants, or their 
fragments, that were thus buried in the sediments that 
afterwards hardened into rock, would doubtless decom- 
pose, and leave scarcely any trace of their presence. 
Of others, however, the form or impression of the body 
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would be retained in the substance of the rock^ or even 
the body itself might be preserved. 

Petrifaction. — ^TMs preservation might be effected 
in two ways. By the first, the decomposition of the 
body is simply prevented, more or less completely, so 
that the body remains, more or less entirely, in the same 
state that it was in when it was first buried. K the 
enclosing substance be a very fine pure clay which does 
not itself contain any active chemical substance, and 
does not allow of the percolation of water, and if the 
body, when buried, consisted of only one substance, that 
would remain inactive so long as it was left to itself, 
the conditions for such a preservation would be most 
complete. Shells, with all their nacreous lustre and 
iridescent colours, are found in clays of very ancient 
date, so ancient that, if stated in years or centuries, an 
indefinite number of millions of either would have to 
be assigned to them. Wood, so little altered as to be 
still in the state of wood, easily scratched or indented 
with the nail, is found in similar clays. In some very 
ancient shales fragments of leaves may be found that, 
when first laid open, retain a greenish tint, and are 
semi-transparent, and have the dampness of v^etation 
upon them, although a few minutes exposure to the 
air suffices to wither them into decay. 

The second method of preservation of bodies is that 
called petrifaction, by which the organic substance 
loses more or less of its organic structure and composi- 
tion, and acquires those belonging to a mineral. Some 
shells buried in clays have lost the carbonate of lime. 
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of which they were originally composed, and now con- 
sist of iron pyrites, or some other mineral This re- 
placement of one mineral suhstance by another, however, 
has taken place so gradually, particle by particle, that 
the external form, and even the most delicate markings 
and minutest structure possessed by the original shell, 
is retained in the new substance. Shells or other cal- 
careous bodies buried in calcareous mud, are commonly 
petrified by the addition of some of the same sub- 
stance as that which they were originally formed of 
(Galdte or carbonate of lime), filling up their interstices, 
and taking a crystalline structure instead of the cellular 
one which was that derived from the animal Some- 
times, however, an organic body buried in limestone 
is changed into flint, especially if it contained some 
silica in its original composition. 

In sandstones, which commonly allow of the free 
percolation of water, it is more usual to find only casts 
or impressions of the bodies enclosed in them, the sub- 
stance of the body itself having been dissolved and 
carried away by water. These are often merely external 
casts, the outside of the body having left its mark in 
the enclosing rock ; and this impression is sometimes 
so faithful as to shew the most delicate strisB or wrinkle 
in the original form. Sometimes the inside of the body 
itself was filled either by fine mud or by some crys- 
talline mineral, before it decomposed, so that a cast of 
its interior is left with all the muscular impressions or 
other internal marks which the recent body could haver 
displayed. 
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Traces even of the skin, or soft parts, of animals, 
and of the most delicate venation of the leaves and 
stems of plants, are sometimes preserved in these im- 
pressions. The scaly coats of fish are often retained, 
almost as perfect as if taken freshly from the animals ; 
while teeth and hones are obviously as indestructible 
as shells, and, being composed like them chiefly of 
salts of lime, will obey the same laws of petrifaction. 

Even the tracks or footprints of animals crawling 
or walking over sand in shallow water, or on the sea- 
shore at low tide, are preserved on the surfaces of some 
flag-stones in the must wonderM way, as also the holes 
and burrows of annelids or sea worms. 

A footprint, especially if it be covered by a little 
film of clay before the next layer of sand is tranquilly 
deposited on it, will be as likely to be retained un- 
altered as any other form, and will give us as sure an 
indication of the existence and character of the animal 
as did the footprint on the shore of the desert island to 
Bobinson Crusoe, which assured him that a strange 
man had passed that way. 

In a similar manner plants may be petrified ; either 
by being altered into coal, through the abstraction of 
their gases, so that the residue becomes more and more 
nearly pure carbon ; or by the replacement of their 
particles, some other mineral matter, such as carbonate 
of lime or silica, taking the place of the carbon. The 
woody stem will then become limestone or flint (wood 
opal), in which, perhaps, all the fibrous and cellu- 
lar structure of the original wood may be retained in 
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consequence of the minuteness of tlie particles whicli 
are gradually abstracted and replaced. 

The mere amount of change, then, which the fossil 
has undergone, is not by any means a proof of the 
length of time that has elapsed since it was buried in 
the earth ; as that amount depends so largely on the 
nature of the material in which it was entombed, and 
on the circumstances that have since surrounded it. 
Some of the most ancient fossils may be very little 
petrified, some of the most modem may be completely 
so. Nevertheless, since the longer a body is buried the 
more chance it has of being acted on by those condi- 
tions which conduce to petrifaction, it follows that the 
majority of the most recent fossils are less altered than 
the majority of the more ancient ones. 

But it may be asked here, if the antiquity of a 
fossil ia not to be judged of by anything in the state of 
the fossil itself^ how is it to be determined ? The 
answer to this is that the age of a fossil can only be 
known, in the first instance, by that of the beds in 
which it is found ; and the relative antiquity of the 
beds can only be determined by their relative position. 

Distribution of fossils in stratified rocks, — ^We 
know that in the seas of the present day different 
animals frequent different places ; some love clear open 
water, some muddy or sandy shores, some live in the 
deep sea, some only in shallow water. We should 
expect then to find a difference in the kinds of fossils 
in different rocks ; some kinds occurring chiefly in old 
indurated muds, some in sandstones, others in lime- 
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stones. Ify however, the ftniTnala were &ee swimmers 
like fish, or if the body floated after death, or the frag- 
ments of it were carried far by currents, the nature of 
the bottom where it came to rest and was buried would 
have no connection with the habits of the animal So 
of plants and animals carried from the land into the 
sea, they might float far and be entombed in any kind 
of rock ; still, as sands and muds are generally formed 
more near to the land than limestones are, we should 
expect more often to find land plants or animals in 
the former than the latter. We have here one set of 
circumstances bearing on the distribution of fossils. 

Another arises from the geographical distribution of 
animals and plants. The mud and sand forming round 
the shores of the British Islands now, cannot contain pre- 
cisely the same shells as those which are forming in the 
Mediterranean, or the West Indies, or the Cape of Good 
Hope, or Tasmania, or Terra del Fuego, or the Japanese 
Islands. The shells and other animals now living in the 
seas of these places are almost entirely different, no two of 
them having the same assemblage of species, and some 
of them not a single species in common. So in past 
ages of the globe, the fossils which were deposited at 
the same period in widely different parts of the Earth 
would be different from each other. If they were not 
it would be a matter for surprise on our part. 

These facts shew us that fossils will probably observe 
what may be called a lateral distribution, and that 
beds formed at the very same time will not always con- 
tain identically the same fossils, and that even the very 
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same continnous gronp of beds may vary in this re- 
spect. For when we come to trace groups of beds 
across wide countries, we find that the same group often 
vanes, so that, consisting almost entirely of limestone 
at one place, it will in another perhaps contain little 
or no limestone, and be made up almost, or altogether, 
of clay, or sandstone, or both. The very same sea will 
have the waste of the land swept into it from one side, 
while at a greater distance &om the land limestone only 
may be formed. 

Figure 25 may serve as a diagrammatic representa- 
tion of the way in which a lateral change may take 
place in a group of beds ; the white bands being sup- 
posed to be limestones, the dotted ones sandstones, and 
the black, clays. This, however, is a mere diagram, 
and not a representation of nature, for each natural bed 
is in reality a great cake, thinning out gradually at the 
edges all round. It would require a diagram of some 
feet in length to represent accurately the way in which 
the changes reaUy take place. Instances of these 
changes are known even within the British Islands, 
and will be described farther on. 

There will naturally be a difference in the assem- 
blage of fossils collected from the limestone end, marked 
A in the diagram, and those got from the end marked 
B, although the fossils may be alike in each bed 
throughout its extension. 

Naming of groups of stratified rock, — We may 
here interrupt our examination of the distribution of 
fossils in order to say a word or two as to the names 
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to be given to the groups of rocks which contain them. 
The diagram will serve to illustrate a difficulty often 
experienced in this matter. 




Fig. 25. 
Lateral Change of Beds. 

Suppose that where the group was first examined 
and described, it had the limestone character, as at A, 
and that it preserved this character over an area several 
scores of miles across in length and breadth, and 
that it happened to be called " the So and So lime- 
stone," and this " So and So Limestone " became the 
commonly received name for it. If the group were 
afterwards traced in the direction where it gradually 
changed from a limestone formation into a clay and 
sandstone one, we should be obliged either to con- 
tinue to call it the " So and So Limestone," notwith- 
standing there was little or no limestone in it there ; or 
else give another name to this part, and so have two 
names for the same group ; or else get the name of the 
" So and So Limestone " altered into something else, 
even in the districts where it did consist of limestone. 



176 ON F0881LS AND THBIB MODS OF OOCUBRENGE. 

But nothing is more difficult than to make men 
give up the use of a well-known and long-used name, 
80 that the first alternative would probably be the one 
adopted, for a time at all events, and the name of the 
*^ So and So Limestone *' be applied to the group in all 
parts of its area, regardless of the actual quantity of 
limestone it contained in these parts, or whether in 
some there was any limestone at alL 

Vertical distribution of fossils. — ^The fossil corals, 
shells, scales, bones, teeth, and other hard parts of 
animals, have now for many years been the subject of 
careful examination and comparison by many of those 
men, in all countries, who were best acquainted with 
the corresponding living animals. The fossil leaves, 
roots, and stems of plants, have in like manner been 
examined by some of the best botanists of all coun> 
tries. The conclusion they have all come to is that 
the remains found fossil in the stratified rocks, be- 
longed chiefly to species which were different from any 
now living on the globe. Some of them are merely 
extinct species of genera which have other species now 
living ; extinct species of oysters or cockles among 
shells, extinct species of crocodiles or turtles among 
reptiles, or elephants or rhinoceroses among mammals. 
Others, however, are so different from any living ani- 
mals, that new generic names have to be invented for 
them, and there are even groups of such extinct genera 
making families^ or even in a few cases orders , which 
are distinct from any of the living orders of animals. 

If, however, we were simply to take fossil animals 
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and plants on the one hand, and living ones on the 
other, classing all the fossil ones together indiscrimi- 
nately, we should lose sight of the most interesting and 
important facts which are to be learnt from them. 
Fossils do not occur indiscriminately; not only do they 
differ, as previously mentioned, according to the kinds 
of rock, and according to the different parts of the 
world in which they are found, hut in the very same 
country, and in rocks of precisely the same mineral 
character, a law of distribution is observable in fossils 
according to the order of superposition of the groups of 
stratified rock in which they occur. 

The diagram, Fig. 26, wiU serve to illustrate this. 
Let it be supposed to represent a great longitudinal 
section across a country of several miles in length. 
Let this section disclose three groups of stratified rocks 
A, B, and C, each made up of . limestones indicated 
by the plain bands, of shales marked by continuous 
lines, and of sandstones dotted by broken lines. Let us 
also suppose that all the beds contain fossHs. The group 
A win have certain kinds of fossils in the clays which 
we may call the a fossils, certain others in the sandstones 
which we may call b, and certain others in the lime- 
stones which we may denote by c. Throughout this 
group A the same fossils may always be found, in beds of 
the same character, from top to bottom, aU the lime- 
stones containing the same c fossils, aU the sandstones 
those called b, and all the clays those called a. Occa- 
fiional intermingling of the kinds may occur, and there 
may be other fossils which occur indiscriminately 
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throughout all the beds of the group A, still the 
general tendency will be towards the state of things 
thus described, "When, however, we pass firom the 




Fig. 26. 
Vertical dififaribation of Fossils. 

group A to the group B, we shall find an entire change 
in the kinds of fossils. The group B may also have its 
sandstone fossils /, its clay fossils g, and its limestone 
fossils h; but all these fossils will be distinct from 
those found in A. In like manner the group C may 
have, perhaps, its clay fossils Z, its limestone fossils 
m, and its sandstone fossils w, but these may be every 
one of them different from those found in B or A. 
What conclusion must we draw from these facts ? Each 
of the great groups of stratified rock found in the 
earth's crust being made up of sands, clays, or limestones, 
which are often absolutely undistinguishable from each 
other so far as the mere stones are concerned, and the 
circumstances of deposition being evidently essentially 
similar in all, the only conclusion we can come to as to 
the great distinction in their assemblages of fossils is 
that the kinds of animals and plants found in the one 
group — those called a-f&H-cin group A, for instance, 
in Fig. 2^ — were no longer in existence when the beds 
of group B were deposited, but had been succeeded by 
the kinds called /-\-g-\-h, and that these had likewise 
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become extinct, and been succeeded by those called 
l+m-^n when the beds of group C were formed. 

The sudden changes which often take place in the 
fossils after passing one of the boundaries of the dif- 
ferent groups of rocks cannot be held to prove that the 
destruction of one assemblage of organic beings and 
the introduction of another set was in itself a sudden 
act. It was shewn in Chapter IX. that the inter- 
val which elapsed between the formation of two con- 
secutive beds of rock can often be proved to have been 
a very long one, and may, in most cases, have been of 
any imaginable length of duration. The fact that one 
bed now rests upon another merely proves that nothing 
was deposited between them, or, if there was anything 
deposited, that it was removed again. As long a period 
of non-production may have elapsed in the interval as 
sufficed for the deposition of many thousand feet of 
beds in another place. 

When we have a great series of beds containing 
many similar fossils throughout, it not unfrequently 
happens that a few species occur in the lower beds 
which become scarce, or disappear in the upper ones, 
while new species come in, in the upper beds, which do 
not appear in any below. These facts, joined with the 
difficulty of imagining any means for the rapid exter- 
mination of a widely diffused species, prove it to have 
been always a slow and gradual process. In like manner, 
however we may suppose new species to have originated, 
the multiplication and diffusion of the individuals over 
large areas must obviously be a slow and gradual pro- 
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cess. Those indiYidoals, of which the remams are 
found in the stratified rocks, were merely a few caught 
from time to time in the partial and local sediments 
that happened to be thrown down here and there, at 
the bottom of seas or lakes, under circumstances favour- 
able for their preservation. 

No argument, then, can be properly based merely on 
the absence of the remains of organic beings which 
were intermediate in details of structure between those 
that we do find. 

In contemplating vast periods of past time, such as 
those which geology compels us to deal with, they 
sometimes appear to diminish in proportion to their re- 
moteness, just as vast distant spaces dwindle in the eye. 
If we could visit one of the nearest fixed stars and still 
see the earth, the space between it and the sun would 
appear to be nothing, and our little globe would seem to 
be rubbing against the greater luminary as it revolved 
round it. The ninety-five millions of miles, seemingly 
annihilated in the one case, are only a fair image of the 
many times ninety-five millions of years that elude the 
grasp of our mental vision in the other. 



PART III. 

The History of the formation of the Earth's 
crust deduced from the facts observable 
in it, 05 interpreted by the operations 
now going on. 



CHAPTEE XV. 

GEOLOGICAL HIStORr. 

In the first chapters of this little hook a sketch was 
given of those natural processes now going on upon the 
earth, which could either add to or modify the structure 
of its crust. 

The succeeding chapters were devoted to a descrip- 
tion of some of the principal facts to he observed in the 
examination of that structure. 

It remains to apply the knowledge thus gained to 
the construction of a history of the formation of the 
crust of the earth. As, however, any attempt to ex- 
tend this history to the whole earth would lead us to a 
length far greater than our limits will allow, we must 
here confine ourselves to an account of the formation of 
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that small part of the earth's crust which inclndes the 
British Islands. 

A re-perusal of Chapter X. will enahle us to see at 
once how a knowledge of the geological structure of the 
British Islands may be gained hy a sufficient extension 
of the investigations there described. Numerous geo- 
logical maps and sections and descriptions have been 
published during the last 60 years, at first proceeding 
from the public-spirited labours of individuals and 
scientific societies, but aided during the last 20 years 
by a regularly constituted Geological Survey, paid out 
of the public funds and conducted under the autho- 
rity of an Act of Parliament (Sth and 9th Victoria^ 
chap. 63). These delineations, which were necessarily 
imperfect at first, are daily being corrected and en- 
larged, so that the history constructed from them has 
every now and then to be rewritten with the necessary 
amendments. Old readings have to be revised, former 
errors of interpretation to be corrected, new chapters 
now and then to be interpolated, events at first sup- 
posed to be widely separated in time are afterwards 
found to have been more or less contemporaneous, and 
separated perhaps only by space, while other events 
formerly supposed to be closely connected in time have 
to be referred to widely different eras. 

This, however, is what takes place in all human 
histories of past events, and so far from invalidating 
them only strengthens their authority. Skill in reading 
and interpreting old human documents is acquired and 
extended by experience and use, and the skill of the 
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few "experts" "becomes greater in proportion to the 
number of persons who are able to criticise and judge 
of it. Exactly the same increase of skill takes place 
among geologists in the reading and interpreting those 
documents (or teachings) which the crust of the earth 
unfolds to us in the rocks of which it is composed. 

There are many other analogies between geological 
history and that of any nation. In the history of a 
people, for instance, it usually happens that most diffi- 
culty is found in tracing their beginning, both from the 
fewness of the documents and the difficulty of their in- 
terpretation ; the parts into which human history can 
be divided are also very often separated by mere blank 
periods of darkness and barbarism, of which no trust- 
worthy records remain to us. In all human histories 
that which is written is but a brief abstract of that 
which happened. How much even of what is recorded 
in our daily papers will appear in history 500 years 
hence? the answer will shew us how much less we have 
of the history of 500 years ago, when there were no 
pubhc journals. 

Geological history must needs be far more deficient 
than that of nations. It has literally no beginning, it 
commences with a few scattered, half obliterated docu- 
ments, that only shew us that something happened 
before, like that which has occurred since. It is 
separated into parts by great intervals, of which not 
only have no records been discovered, but no evidence 
even as to the length of the intervals. 

Singularly interesting and useful then as geological 
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history may be, we must carefully bear in mind its im- 
perfect and fragmentary character. 

. What we actually learn from it is true, but we must 
recollect that it is not all the truth, and that as " all the 
truth " about anything whatever is absolutely unattain- 
able by us, it would only lead us astray, if we required it 
from Geology, or reasoned as if we had obtained it. 

It has been found convenient to divide all Greological 
Time into three great Epochs, called Primary, Secondary, 
and Tertiary. It is obvious that we may speak of the 
rocks deposited during these respective Epochs as the 
Primary, Secondary, and Tertiary rocks. It was at one 
time thought that there was some original essential dis- 
tinction in the nature of these rocks and their mode of 
formation. It is now known that the Primary rocks, 
when first formed, were exactly like the corresponding 
Secondary and Tertiary, or like those now forming on 
the globe, and that any peculiar characters they may 
have in the way of hardness, slatiness, or crystallization, 
are due to subsequent modifying influences. 

In order to get rid more completely of the old notions 
that clung to these terms, geologists have lately been in 
the habit of using for them those proposed by Professor 
Phillips — ^namely. Palaeozoic, Mesozoic, and Kainozoic. 
Palaeozoic meaning " ancient life,'* answers to the term 
Primary; Mesozoic or ^^ middle life,** to the term Secon- 
dary; and Kainozoic or ^^ recent life** to the Tertiary. 

Each of these epochs is subdivided into periods, 
each of which was occupied by the deposition of a 
certain group or series of stratified rocks. 
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The whole history is based upon the observation of 
these groups of beds resting successively one upon 
another ; and the following table will give the names 
which have been assigned to these groups of rock, or, 
as it is better to state it, to the periods during which 
they were deposited. 

Tertiary or Kainozoic Epoch, 

14. Pleistocene period. 
13. Pleiocene period. 
12. Meiocene period. 
11. Eocene period. 

Meaozoic or Secondary Epoch, 

10. Cretaceous period, 
9. Oolitic period. 
8. Triassic period, 

Palceozoic or Primary Epoch, 

7. Permian period. 

6^ Carboniferous period. 

5. 1 Devonian 1 ^ period. 

4. Upper Silurian period. 

3. Cambro-Silurian period. 

2. Cambrian period. 

1. Prge-Cambrian periods. 

On looking over this list of names for the first time, 
many of them wiU doubtless seem to be rather odd 

* The queries appended to this name signify that its pro- 
priety is doubtful, and that it perhaps originated in a very par- 
donable mistake. 
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appellations for periods of time. That circumstance, 
however, need not trouble us any more than the odd 
names of persons that occur among ourselves. 

Names in general originate as descriptive appella- 
tions, and apply peculiarly to the person or thing to 
which they are first aflSlxed, They are, however, con- 
tinued or extended to other persons or things related 
to the first, in some way that makes the retention of 
the name necessary, although it is no longer applicable 
as a description and sometimes ridiculously inappro- 
priate. John Short does not change his name because 
he is over six feet high, nor Thomas Long if he happens 
to be five feet nothing. 

So, in Greology, if a group of rocks happen to consist 
of red or green sandstones at the place they were first 
examined, and are therefore called The Greensand or The 
Eed sandstone ; and if, as they are followed into another 
district, they gradually pass into dark clay or white 
limestone, they sometimes still retain the old name as 
a group. Thus the Chalk or Cretaceous rocks of 
Western Europe not only contain variously coloured 
sands and clays in that region, but in other parts of the 
world have no chalk in them at all, and consist, in 
some parts, of sands and clays with beds of bituminous 
coal, and in other regions of clay-slate. The retention 
of the name Cretaceous for such groups is necessary, to 
shew that they are contemporaneous with the chalk beds 
of the locality where that group was first examined. 



CHAPTEE XVI. 

THE PEBIARY OR PALAEOZOIC EPOCH. 

The Four earliest Periods, or those of the Lower 
Palceozoic Rocks, 

In the study of the geological structure of the British 
Islands we should find that the general "dip" of the 
heds is towards the east or south-east. In travelling 
from the south-east to the north-west, therefore, we 
should meet with lower and lower rocks rising up to the 
surface as we proceeded. The undulations which occur 
in the heds in many places prevent this heing true 
in every locality, hut it is quite true on the large 
scale. The mass of the upper or Tertiary rocks are 
only to he found in the south-eastern parts of England. 
The lowest of the British Primary rocks only rise to 
the surface in Wales, in Ireland, and in Scotland, and 
the lowest part of these lowest rocks, only in the 
extreme north-western comer of the latter country. 

The Eig. 27 is a diagrammatic section of a part of 
Sutherlandshire, taken from Sir E. I. Murchison's 
papers in the Quarterly Journal of the Geological Society 
of London, shewing three groups of rocks helonging to 
the oldest known periods of the earth's history. 
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This section is a very interesting and instructive one. 
The group c contains fossils which are known, from evi- 
dence elsewhere acquired, to have lived during the third 
or Cambro-Silurian Period of the list in p. 188. These 
rocks, therefore, are known to have been deposited dur- 
ing that period. Their beds rest unconformably on the 
previously denuded edges of those of group Z>, and those 
again on the edges of group a. 




Fig. 27. 

d. Ciystalline, gneissose and micaceous flags. 

c Quartz rooks and limestone with fossils. 

h. Bed Sandstone and Conglomerate 2500 feet thick, and believed to be 

of Cambrian age. 
a. Grey homblendic gneiss with granite veins and greenstone dykes. 

Group a consists of beds that have been altered 
from their original condition into a crystalline gneiss, 
and it appears from the section that this alteration 
must have taken place, and subsequent elevation and 
denudation have occurred, before group b was deposited 
on them. As metamorphism can only take place at 
some depth in the earth's crust, or under a thick cover 
of other rocks, it is clear that that cover had been re- 
moved before the deposition of b. The group b itself, 
though not metamorphosed, had yet suffered greatly 
from denudation before the period when c was deposited. 
If, then, the diagram, Fig. 27, be a correct representation 
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of the facts, it leads us back to a dim antiquity of un- 
known periods before the time of our third period. 
We may vaguely speak of this ancient time, thus 
obscurely brought within the extreme verge of our 
mental vision, as belonging to the first and second 
periods of our list, but there is no real proof that group 
b does belong to the second period. All we can say is 
that it is older than the third. As good local names, 
not involving any chronological classification, we might 
speak of the group a as the Lewisian gneiss, and the 
group h as the Sutherlandshire red sandstone and con- 
glomerate. 

In North America Sir W. Logan and Mr. Murray 
have described a group of gneiss rocks like the Lewisian 
gneiss under the name of Lawrentian gneiss, or that 
forming the basin of the St. Lawrence. Near Lake 
Huron the Lawrentian gneiss is covered by a series of 
rocks called the Huronian series, which, like the Suther- 
landshire sandstone, passes under rocks that contain 
Cambro-Silurian fossils, and therefore belong to the 
third period. The Huronian series, therefore, may be 
provisionally classed as possibly belonging to our second 
or Cambrian period, and the Lawrentian gneiss as pos- 
sibly of the same period as our Lewisian gneiss. 

"We do not see the Lewisian gneiss anywhere else in 
the British Islands, unless some of the rocks of Done- 
gal belong to it, which, however, I do not think is the 
case ; so that we may now dismiss the prse-Cambrian 
periods and come to those which succeed them. 

Cambrian Period, — In North Wales the rocks are 
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exposed in frequent glens and precipices and along 
numerous hill sides, as well as in large and abundant 
quarries, so that they can be well examined. 

The lowest beds to be found in the country rise to 
the surface in Anglesea, Caernarvon and Merioneth, 
and also in a remarkable district in Shropshire. They 
are known to be the lowest, by simple inspection. All 
the other groups of rock may be seen somewhere or 
other to crop out and allow a lower group to appear 
from underneath them till we come down to this, 
which, although it rises to the surface in several places, 
is never so completely exposed as to allow the base on 
which it rests to be seen, although a thickness of many 
thousand feet of it are shewn in different places. 

In Anglesea its beds are metamorphosed into 
chloritic and micaceous schists with quartz rock, and 
granite rises up into it here and there. 

In Caernarvonshire a good section of it may be seen 
in the sides of Nant Frangon, the Penrhyn slate quarries 
being worked in some of its upper beds. The metamor- 
phism here has merely indurated the sandstones and 
cleaved the slates. 

In Merionethshire the Cambrian rocks form all that 
wild tract of rugged hills that rise to the east of the 
road from Barmouth to Harlech, and consist chiefly of 
thick gritstones penetrated by many greenstone dykes. 

In Shropshire they form the hilly ground which 
lies to the west of Church Stretton, and which is known 
as the Longmynd. Fig. 2S is a section across it, re- 
duced from the sections published by the Government 
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Geological Survey. The Cambrian rocks of the Long- 
mynd consist of a great series of grey and blue and red 
sandstones, and slates, making an aggregate thickness 
of between 20,000 and 30,000 feet. 

The rocks which thus rise here and there from 
beneath all the others in North "Wales, and form the 
foundation of the country, may well be called the Cam- 
brian rocks, and the period during which they were de- 
posited may be spoken of as the Cambrian period. 




Fig. 28. 

Section across the Longinynd, reduced ftoin Mr. W. T. Aveline's 

sections. Length about nine miles. 

d. Upper Silurian beds, Llandovery sandstone, and Wenlock shale. 

c. Llandeilo flags. ) ^ a•^ ■ i 

, -. • 1 fl r Lower Silurian rocks. 

h. Lingula flags. ) 

o. Cambrian grits and slates. 

In the south-eastern parts of Ireland great thick- 
nesses of precisely similar rocks also rise from beneath 
all the rest, and are covered unconformably by those 
which belong to the third or Cambro-Silurian period. 
One of these districts is in the south of county Wexford, 
the other in the northern part of county Wicklow, and 
Bray Head, ten miles south of Dublin Bay, shews a 
partial section of them. 

Fig. 29 is a rough representation of this section, the 
lower part being intended for the cliff and the upper 
lor the slope of the hill above it. 
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A few traces of organic remains have been found in 
the Cambrian rocks of Wicklow, and some still slighter 
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Fig. 29. 
Bray Head ; length of section about 2 miles. 9, Qaartz Tock. G b, 
Oranite blocks. 

ones in the Longmynd. Fig. 30, a and b represent, 
on one-third the natural size, some curious starKke 
markings, called Oldhamia, after Dr. Oldham, with 
which some surfaces of the beds are entirely covered. 
They are beheved to be the impressions of some animal 
allied either to some of the Polyzoa, or else to the Sertu- 
laridae of the present day. The Sertularidae are com- 
pound polyp animals, whose assemblage of cells are 
arranged on little branching stems and tufts. They 
are frequently seen on the sea shore, and often errone- 
ously spoken of as sea weeds. The Fig. 30, c is a 
representation, on two-thirds the natural size, of a small 
mound with a central hole and tube, of which several 
specimens were found at Bray Head by the late Dr. J. 
K. Ejnahan. One of these on being broken open 
disclosed an elegant reticulation on the surface of the 
internal tube and its cast, which was certainly produced 
by the tentacles of the animal that made the hole and 
mound. It was perhaps a creature allied to the present 
lob-worm. The other figures represent other marks, 
probably caused by other animals. 
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These feeble evidences of life have great interest, 
inasmuch as they are the earliest of all known traces 
of life on the globe. We cannot say that animals and 




Fig. 80. 
Cambrian Fossils. 

o. Oldhamia antiqua. A Annelid ? tracks. 

5. — : radiata. e. Arenicolites didyma. 

c Histioderma Hibernicum. / Molluscan ? tracks. 

plants did not exist before this period, because it is 

impossible that we should ever have evidence that 

would prove this negative statement. Almost all the 

o 
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rocks in which proof of previous existences must be 
looked for are so altered that if they had once contained 
fossUs their traces must have been almost inevitably 
obliterated. For the present, however, at all events, 
the fossils represented in Fig. 34 are entitled to be 
treated as the earliest proof of organic existence in the 
world. 

The rocks in which they are found are stratified, and 
therefore were formed under water in some ancient sea 
into which the debris of the adjacent lands were 
carried down in the form of mud, clay, sand, and 
pebbles, and the accumulation was continued during so 
vast a period of time as ultimately to make a thick- 
ness of 20,000 or 30,000 feet. 

Cambro - Silurian Period. — If we ascend Nant 
Frangon from Bangor, we find, after passing the Pen- 
rhyn slate quarries, an immense series of rocks, consist- 
ing of dark gray or black slates interstratified in their 
higher parts with numerous massive beds of felstone 
and trappean ash. These rocks are penetrated by 
large intrusive masses of greenstone and other igneous 
rocks, and are bent into many folds and broken by 
many faults. 

They form the great mass of the Snowdon range 
stretching throughout Caernarvonshire, and, sweeping 
round the Cambrian district of Harlech and Barmouth, 
they make the Merionethshire mountains known as the 
Arenigs, Aran, and Cader Idris. Plunging from these 
towards the east-south-east beneath some higher rocks, 
they rise again and form the Berwyn Mountains and then 



THE FOUR EABLIEST PERIODS. 195 

undulate towards the south-east, forming the Breidden 
Hills and the Stiperstones, till the Cambrian rocks rise 
again from beneath them in the Longmynd of Church 
Stretton. In the Church Stretton valley they are broken 
through by a great fault, beyond which, after forming the 
base of the hill called Caer Caradoc, they dip steadily to 
the south-east and soon become hidden by newer forma- 
tions. From the country thus traversed, these rocks 
strike to the south-west through Cardiganshire, Caer- 
marthenshire, and North Pembrokeshire, right out to St. 
David's Head, undulating frequently on the northern 
side of a line running by Builth, Llandovery, and 
Haverfordwest, but dipping on the south side of it 
at a very high angle beneath the superior rocks of 
Brecknock, Glamorgan, and South Pembroke. 

These border counties of South Wales and England 
were formerly inhabited by the old British tribe of the 
Silures, and the country is now known to geologists 
under the name of Siluria, the name Cambria being re- 
tained especially for North Wales. The rocks which 
compose the mass of both countries may be appropri- 
ately designated the Cambro-Silurian rocks ; and the 
period during which they were deposited may hence be 
called the Cambro-Silurian Period. 

The whole mass of these rocks can be subdivided 
into groups of beds more or less distinguishable in dif- 
ferent districts by their lithological or stony characters, 
but still better by the peculiar fossils they contain. 

The diagrammatic section in Eig. 31, reduced horn 
the Geological Survey sections across the valley of Bala 
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in Merionethshire, will give an idea of these groups. 
There are two locally occurring calcareous beds in the 
Bala rocks, marked Is^ the Bala limestone, and U* the 
Himant limestone ; they are only a few feet thick, but 
remarkable for the abundance of fossils they contain. 

It will of course be recollected that these groups, like 
all other groups of rocks, vary in their stony characters 
and in their thickness in different places to an almost 




Base of Upper 
Silarian. 



Cambro-BiluriaiL 



Cambrian. 



g. Denbighshire sandstones 

/. Taiaimon shales ... 

e. Lower Llandovery sandstone 

d. Bala beds, formerly called Caradoc 

c. Llandeilo flags .... 

b. Lingula flags .... 

a. Barmouth and Harlech rocks 



Feet. 
9000 
500 
800 
6700 
3300 
5000 
8000 



indefinite extent. Each and all are in some places 
absent altogether, but wherever they exist they occur 
in the order given above, and whenever they contain 
fossils, these fossils are some of a certain set. 

The Lingula flags are so called from their abound- 
ing in many places with the fossil shell called a lin- 
gula. They may be seen a little above the top beds of 
the Cambrian rocks, in the places previously mentioned 
as shewing the outcrop of these rocks. They were first 
described by Mr. Davis and Professor Sedgwick. 
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The Ilandeilo flags received their name from the 
small town of Ilandeilo Fawr in South Wales, where 
they were first described by Sir R L Murchison. 

The Bala beds are so called from the tovni of Bala 
in Merionethshire, near which they appear in their 
most typical and expanded form. The Caradoc sand- 
stone of Sir R I. Murchison is in part a sandy portion 
of these beds, but when first described other eandstones 
were confounded with it, so that the continued use of 
the word is likely to lead to mistake. 

The following figures contain representations of a 
few of the fossils found in each of these groups. 

Fig. 32 a, Cruziana {prop, name) semiplicata {half 
folded), is supposed to have been part of a plant. Dic- 
tyonema {net threap sociale (sodal) is believed to have 
been one of the polyzoan animals (see p. 61). lingula 
(little tongtte) Davisii {of Davis) was a brachiopodous bi- 
valve shell, differing in nothing, except slightly in the pro- 
portions of its form, &om Lingulse which are living in 
tropical seas at the present day. The other three figures 
are those of crustacean animals, or the class to which our 
crabs and lobsters belong. Hymenocaris (membrane 
shrimp) vermicauda (worm tail) at once reminds one of 
the shrimps of our own seas. Olenus (name of a son 
of Vulcan) micrurus (little tail) and Agnostus (unknown) 
pisiformis (the pea shaped) are Trilobites, an order much 
more unlike any of the existing Crustacea, although, if 
the Trilobites figured in the succeeding cuts be ex- 
amined and compared, a distinct resemblance may be 
traced. 
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The head is formed of one large tmjointed piece^ as 
in our crabs and lobsters, while the body is made of a 
number of jointed rings or curved plates, which are 
conspicuous in the body of a lobster and in what is 




Pig. 32. 
Lingala Plag Fossils. 



a. Craziana semiplicata. 
h. Dictyonema sociale. 
c. Lingula Davisii. 



d. OlenuB microrus. 

e. Agnosias pisiformis. 

/. Hymenocaris vennicauda. 



commonly called the tail of a crab, which, in the com- 
mon crab, is always kept bent up close under the 
head. Some of the Trilobites also curled up their 
bodies, as may be seen in Fig. 36 farther on. All 
their bodies are divided longitudinally into three parts 
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or lobes, whence their name of Trilobite is derived. 
The eyes of the Trilobites are usually marked by a 
small semicircular or moon-shaped space on each side 
of the head. In crabs and lobsters they are little balls 
on the snmmit of stalks. In each case a multitude of 
little immovable lenses are arranged over the eye-spac6 so 
as to give vision in all directions at once. 

In Fig. 33 we have some of the fossils found in the 
next superior group. Didymograpsus (twin writer or pen) 
Murchisonii (of Murchison) and Eastrites (rake stone) 
peregrinus (^^/ore^w) belong to the Graptolites (or pen- 
stones), a kind of fossils which are very numerous in the 
Cambro-Silurian rocks. They always shew a number of 
little notches or indentations arranged on one or both sides 
of a narrow stem, and it is believed that these notches 
were the cells from which the individual heads of a 
compound animal protruded themselves. Professor 
Huxley believes them to have belonged to the Polyzoa. 
Orthis (straight) alata (the winged) is an elegant little 
brachiopodous bivalve shelL Trinucleus (three kemal) 
fimbriatus (fringed), Asaphus (obscure) tyrannus (the 
tyrant), Ogygia Buchii (Oxyges was an ancient king of 
Thebes, in whose time a deluge happened, and Von Buch 
was a celebrated geologist),* are all species of dijfferent 

• ** Names, and their Origin," would make a curious subject 
of inquiry, whether they be names of men, of places, or of 
things. The difficulty of devising new names for either only 
becomes apparent when one is forced to try it ; witness the ridi- 
culous names for places in North America and in aU colonies. 
Naturalists often try to overcome this difficulty by all kinds of 
far-fetched allusions and strange devices. Some of their names 
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genera of the numerous order of Trilobites, as will be 
obvious by inspection of the figures. 




Fig. 83. 
Llandeilo Flag Fossils. 

a. Didymograpsns MorchisoniL d. Trinuclens fimbriatua. 

b. Rastrites peregrinus. e. Asaphus tyraDiiiis. 

c. Orthis alata. /. Ogygia Buchii. 

Fig. 34 represents some of the fossils in the next 
superior group of rocks, four of which are species of 



are bad enough certainly, but they are found fault with chiefly 
by persons who never had occasion to invent a name themselvea, 
and who would make, probably, much worse ones if they tried 
it. A short, well-sounding, appropriate name for a new object, 
is as clever an achievement aa a good proverb or a neat epigram, 
and is rare accordingly. 
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Trilobites which are found in the Bala beds, Ulsenus 
{squint eye) Davisii, lichas {t?ie hoy who brought Her- 
culea the poisoned shirt) Hibemicus (Irish), Phacops 




Fig. 84. 
Bala (and Caradoc) Fossils. 



a. Echinospbeerites aurantiom. 

b. Sphseronites LitchL 
a Uleenns Davisii. 



d. Lichas Hibemicus. 

e. Phacops apiculatus. 
/. Agnostus trinodus. 



(lens eye)skpicu\3Li\ia(the pointed), and Agnostus trinodus* 
(three-jointed). They are given in order to show how 
numerous may be the variations on the same theme, as 
the musicians would say, or how the same general 
form and structure may be modified in its details. Or 
if we take it another way, we may see from these and 
the following examples how a group of species which 
have small but decided dijBferences among themselves, 

* The recognised Latin word is trinodis. 



202 THE PRIMARY OR PALiBOZOIC EPOCH. 

may be made into a genus with a common name, other 
groups being made into other genera, and then the 
genera all assembled into one order. Or if we take the 
examples given in these figures, and compare them in 
their order of succession, we may learn how one group 
of animals that lived at one time died out and were 
succeeded by others resembling them in some respects 
but differing in others, and these again by yet more, 
with similar specific variations of the fundamental re- 
lationship. 

There are also represented in Figure 34 two globular 
bodies called Sphaeronites {sphoere stotw) litchi (of 
lAtch), and Echinosphaerites {urchin sphcere stone) 
aurantium {an orange). It will be seen that these are 
composed of several many-cornered plates like the sea- 
urchins and star-fishes of our seas, and they obviously 
belonged to the same great class of Echinodermata 
{thorny skim), although from the absence of arms, and 
apparently of spines, and other peculiarities in their 
structure, they may be grouped as a distinct order of 
that class, which was first done by Von Buch under 
the name Cystideae {bladder like), 

Numerous other fossils are found in these rocks, 
some beds being crowded with masses of shells, mostly 
Brachiopoda. 

The Cambro-Silurian rocks, thus characterised in the 
country where they were first examined and described, 
make also the mountains of the Lake country of Cumber- 
land and Westmoreland, and all the hilly ground of the 
south of Scotland, between the English border and the 
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valley of Edinburgh and Glasgow. They reappear in the 
north of Scotland, where, however, they have been almost 
entirely metamorphosed into the mica-schist and gneiss 
of which the Highlands are chiefly composed. 

In Ireland they form nearly the whole eastern coast 
from Belfast Lough round to Dungarvan Bay in the 
County Waterford, and a large part of the interior, both 
of Ulster and Leinster, in which latter province they 
have been penetrated by the largest mass of granite in 
the British Islands, and altered round the margin of the 
the granite into mica-schist, etc. They soon become 
covered, however, towards the west by superior rocks, 
being only occasionally exposed in the rest of the 
country by the partial removal of these rocks till we come 
into Mayo and Donegal, where they again rise out in 
the form of gneiss and mica-schist, like those of the 
Scotch Highlands. The rocks of Donegal, indeed, 
doubtless stretch beneath the sea into the Highlands of 
Scotland, and those again into !N'orway. 

Various districts in Europe, large parts of North 
America, and parts of South Africa and Australia, are 
also known to be composed of rocks formed during the 
time which we call the Cambro-Silurian period, be- 
cause they contain fossils, some of which, perhaps, are 
identical with, and all nearly allied to, the fossils of our 
Cambro-Silurian rocks. 

In all these places, then, we have proof that during 
that period there was then sea where now high dry 
land is to be found. Whether the sea was continuous 
throughout these areas, or whether it was partially or 
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entirely separated by intervening lands, we cannot telL 
There was certainly dry land somewhere in the neigh- 
bourhood of those districts, because it is only firom the 
gradual waste of the dry land that the mud and the 
sand could be derived of which the rocks are com- 
posed. 

The differences also observable in the fossil animals 
in the different districts, notwithstanding their general 
similarity, make it probable that the seas were more or 
less separated from each other, and the several varieties 
that arose were thus kept apart, as in our own day. 

Volcanic fires broke out in these seas in those parts 
where the British Islands are now, and large accumu- 
lations of old lavas and ashes were thus interstratified 
with the other materials. Volcanic islands may even have 
been formed, though, if they were, they were wasted 
and destroyed by the waves, and the materials strewed 
over the bed of the sea vdthin the limits of the period, 
just as we know that during the existence of man vol- 
canic islands have been both formed and destroyed, 
sometimes within the space of a few months. 

The Upper Silurian Period, — At page 194 it was 
said that the Cambro-Silurian rocks of Merioneth 
dipped to the east under some higher beds, and rose 
again into the Berwyn mountains. This eastern dip 
may be seen in Fig. 31, and the higher beds are there 
called the Tarannon shales and Denbighshire sand- 
stones. These higher beds, and some others above 
them, spread over the county of Denbigh, wrap round 
the southern end of the Berwyns and other ridges to 
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the south-east, till they pass round the southern termi- 
nation of the Longmynd, and are affected hy the great 
dislocation of the Church Stretton Valley. From this 
point they strike to the south-west into South Wales 
in a continually narrowing band, disappearing altogether 
before they reach Caermarthen. Through all these dis- 
tricts they are composed chiefly of sandstones, flagstones, 
and slates, often with an aggregate thickness of several 
thousand feet, but with few natural divisions, and not 
many fossils. 

To the south and south-east of the Church Stretton 
district, however, these rocks become separable into 
distinct groups of sandstones and shales, vrith persis- 
tent bands of limestone, which vary from 20 to 150 
feet in thickness, and they are often crowded with 
assemblages of beautiful fossils, which are frequently 
most perfectly preserved. The picturesque ridge called 
Wenlock Edge, the beautiful hills round Ludlow and 
Aymestry, the Abberley and Malvern hUls that rise 
with such elegant outlines from the rich plains of 
Salop, Worcester, and Hereford, the singular amphi- 
theatre of Woolhope, and its continuation into May 
Hill, are all localities where the Upper Silurian rocks, 
with their bands of limestone, are admirably shewn, and 
where the geologist may at any moment refresh his eye, 
should it weary of rocks and fossils, with views of the 
lovely scenery about him. The hills between Usk and 
the end of the wonderful coalfield of South Wales are 
likevrise good places for their study, as well as those 
which run from Dudley to Sedgley, and rise again near 
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Walsall, in the still more wonderful though much 
smaller coalfield of South Staffordshire. 



S.E 




MMOH 



Ladlow 
rocks. 



Wenlock 
rocks. 



a i C d ^ J^ 9 K 

Fig. 35. 

Section across Wenlock Edge, horizontal distance about fonr nules. 

Feet, 
i. Red Sandstone. 

'h. Upper Ludlow— Gray and brown shale and sand- 
stone 900 

g. Concretionary limestone (Aymestry) ... 150 
/. Lower Ludlow— Gray and brown calcareous sandy 

shale 900 

fe. Gray nodular concretionary limestone (Wenlock 

and Dudley) 150 

d. Gray and brown sandy shale, often concretionary 

(Wenlock shale) 1400 

c. Argillaceous nodular limestone (Woolhope and 

Barr limestone) 50 

rocks }^* Brown sandstone and conglomerate, irregular. 

Silurian. 1^ Brown sandstone (Caradoc). 

All these places, except the last-mentioned, are in 
the typical district of the old Silures, who lay chiefly 
between the Severn and the Towy. 

These rocks exhibit in this district a threefold divi* 
sion into groups, which have received from the three 
places where they are best seen the names of — 1. Llan- 
dovery rocks ; 2. Wenlock rocks ; 3. Ludlow rocks. 

Fig. 35 is a condensed section across Wenlock 
Edge in Shropshire, where, however, the Llandovery 
rocks are very thin and not well shewn* 
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It will, of course, be recollected that the stony (litho- 
logical) characters of the rocks are mere local acci- 
dents, and that not only do the beds of limestone 
disappear in every direction, but that all the other 
beds are mere partial cakes of deposit, and that they 
may be replaced by others of a more or less dissimilar 
character. 

The fossils of the Llandovery beds are, some of 
them, peculiar, especially some species of a Brachiopod- 
ous bivalve called Pentamerus. 

The most striking fossils, however, are found in the 
limestones of the Wenlock and Ludlow groups, and the 
following three woodcuts shew figures of some of 
these : — 

The Calymene (concealed) Blumenbachii {pfBlumen- 
hack) and Phacops caudatus {tJie tailed Lens/ace) are 
two other species of Trilobites. Of the two Echinoder- 
mata, one, the Pseudocrinites {false crinite) quadrifas- 
ciatus (four bandaged), belongs to the Bladder kind 
(CysHdea), of which we had examples before; the other, 
called Periechocrinus (the containing lily) moniliformis 
(necklace formed), was a true stone lily, a kind of star- 
fish, growing on a jointed stem, with its body bent into 
a cup, and its fingers divided into numerous jointed 
strings and filaments. This class of animals became ex- 
cessively numerous in subsequent periods, though it is 
now almost entirely extinct. 

The Bellerophon dilatatus (dilated Bellerophon, the 
name of one of the old Greek heroes) was a univalve 
shell, believed to have belonged to one of the Oceanic 
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Pteropods or Heteropods, wliile the Orthoceras (draigJd 
ham) annnlatuin (ringed) was one of the Cephalopods, a 
class of animals to which the cattle fish belong — ^the 




Fig. 36. 
Wenlock Fossils. 

a. Psendocrinites qnadrifasciatus. 

b. Periechocrinus moniliformis. 

c. Calymene BlumenbachiL 



d. Phacops candatus. 

e. Bellerophon dilatatus. 
/. Orthoceras annalatam. 



Orthoceras being a chambered shell, like a pearly nauti- 
lus, but as if unrolled and pulled straight. 

Besides these, multitudes of ' elegantly marked 
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biyalve shells are found in these rocks, chiefly belong- 
ing to the class Brachiopoda, and many kinds of Corals, 
some of which resemble in external appearance the 
Corals of the present tropical seas, but differ from them in 
the details of their internal structure, so as to form a sepa- 
rate order called Eugosa^ all of which are now extinct. 

In the following group of fossils we have a few 
species represented, which are all, except the first, cha- 
racteristic of the Ludlow rocks, that is to say, they are 
either entirely confined to them, or occur much more 
abundantly in them than elsewhere. 

The Graptolithus (pen stone) priodon (saw tooth) is 
almost the only species of Graptolite found in the 
Upper Silurian rocks. It has cells only on one side of 
the stem ; all the double Graptolites, or those which are 
either composed of twin stems or have cells on each 
side of the stem, appear to have died out and become 
extinct, together with many kinds of Trilobites, before 
the Upper Silurian period commenced. At its close, the 
one or two single Graptolites which still survived also 
disappeared from the earth for ever as living beings. 

This early disappearance of types of animals forms 
a remarkable contrast to the persistence of some other 
types, such as the genus lingula (mentioned at p. 197), 
which, although one of the earliest forms we know of 
seems to have been always represented by some specific 
variety down to the present hour, when there are said 
to be seven species living.* 

* See ** Woodward's Manual of the Mollusca," a most valu- 
able and useful little book. 

P 
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The other figures all represent bivalve shells, the 
three first Brachiopoda, and the two last Conchifera. The 




Fig. 37. 
Ludlow Fossils. 



a. Graptolithus priodon. 

b. Orthis lanata. 

c. Pentameras Enightii. 



d. Rhynchonella nucula. 

e. Pterinea retroflexa. 
J. Aviciila Danbyi. 



Orthis lunata (moon-shaped orthis) and Ehyuchonella 
nucula {little beak, little nut) are rather common through- 
out the Ludlow rocks, while the Pentamerus Knightii 
{Knighf 8 five-part) occur in some parts of the Aymestry 
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limestone in such abundance as to compose the entire 
mass of the rock. This is a curious shell, of which the 
large or ventral valve is separated into two parts by an 
internal shelly plate, and the smaller or dorsal valve 
into three parts by two similar plates, one on each side 
of that in the ventral valve (see Fig. 37, c, in which the 
ventral plates and one of the dorsal ones are shewn). 
Almost all the Brachiopoda have some curious internal 
shelly processes, but none so peculiar as this in the 
genus Pentamerus, in which it is difficult to understand 
what could have become of the body of the animed. 

Of the two Conchifers, or -ordinary bivalves, the 
Avicula Danbyi (Danby's little bird) belongs to a genus 
which has come down to our own day, when there are 
twenty living species of it, not less than 300 extinct 
ones being known in different rocks. Pterinsea 
(little wing) retroflexa (bent back) belongs to a sub- 
genus of Avicula made to include certain Palaeozoic 
species which, in certain characters, resemble each 
other and differ from other species of Avicula. 

Besides the above there are many other fossils in 
the Ludlow rocks, several star-fish, for instance, very 
similar in general form to some living ones, and several 
genera allied to Orthoceras, but differing from it in 
having curious bulging and irregular outlines instead of 
the straight regularly tapering shelL 

The remains of true fish also occur in the Ludlow 
rocks, being their earliest appearance yet known. 
These remains consist of the teeth and shagreen of 
shark-like fish, and also some others of very strange 
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and peculiar forms, called Cephalaspis {Jiead shield)^ 
Fteraspis (wing shield), and Auchenaspis (neck shield); 
and these are found also in other beds above the pro* 
per Ludlow rocks, extending up into some red rocks 
that have been hitherto called Old Eed Sandstone. 

The base of these red rocks is shewn in Fig. 35, p. 
206, and a thickness of several thousand feet of them 
appears over the Ludlow rocks in Siluria, as well as in 
Scotland and Lreland. These red sandstones which 
contain the above-mentioned fish will probably be 
eventually classed with the Silurian rather than with 
any other division of the series, but in the districts 
hitherto surveyed, other red sandstones come immedi- 
ately over them belonging certainly to later periods, 
and as it is difficult to distinguish between rocks that 
are all red sandstones, they have hitherto been con- 
founded together under the joint name of The Old Red 
Sandstone. There are also found throughout the 
Upper Silurian rocks fragments of large Crustacean 
animals, which are more like lobsters in external form 
than Trilobites are, but still differing from lobsters in 
important particulars. They are called Pterygotus 
(winged) and Eurypterus (broad winged), and become 
especially large and abundant in the Upper Ludlow, 
and the red beds above it Fragments have been 
found that must have belonged to a Pterygotus six 
or seven feet long. The fossils were called Seraphim 
by the Scotch quarrymen near Dundee, whore the 
largest specimens have been discovered. (See Mems. 
Geol Surv,, Monograph 1, p. 67). 
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On turning back to Fig. 28, p. 191, it will be seen 
that while the Cambrian and Cambro-Silurian beds, 
a, b, c, are all parallel and conformable to each other, 
the Upper Silurian, c?, rests unconformably on them at 
the north-west end of the section. This unconformity 
was shewn in Chapter XIII. to be always proof of a 
great interval having occurred between the deposition 
of the two groups of beds, during which interval the 
lower one was elevated and denuded, and probably 
formed dry land before it was depressed again and 
covered by the upper groups. 

Professor Edward Forbes when working with Pro- 
fessor Eamsay and Mr. Aveline round the Longmynd in 
the year 1847, arrived at this conclusion from the nature 
of the fossils in the basal part of the Upper Silurian 
rocks.* Many of the shells were univalves allied to 
those which now live only on coasts about the sea level, 
while they were mingled with others in some places 
that were more like deep sea shells. Edward Forbes 
concluded, therefore, that the beds were not only de- 
posited round the margin of land, but that in all pro- 
bability they were deep sea deposits round high and 
steep land — (Quarterly Journal, GeoL Soc, vol iv., p. 
298, where, however, the beds are called Caradoc sand- 
stone, being then confounded with that formation). 

It is very interesting when we are thus able to re- 
store, even in imagination, some of the outlines of the 
ancient world. We must, however, recollect that al- 
though we may get good proof that there was an island 
in the old Silurian sea about the area where the Long- 
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mynd now stands, yet the present shape of the Long- 
mynd gives us little or no indication of the shape of 
that old island. The whole country not only stood at 
a different level, but its rocks have been since tilted in 
various directions, and not only variously bent, but 
traversed by great i^ctures, so that one large district 
of rock has sunk far below or risen far above that with 
which it was then continuous. The present features 
of the ground, moreover, have been produced since all 
these disturbances, partly by the erosion of the sea 
when the country has happened to be at such a level 
as to allow the sea to flow over it, and partly by the 
erosion of the wind and rain and &ost of the atmo- 
sphere when it has happened to be dry land, and we 
know that it has been both sea and dry land several 
times since the Silurian period. 



CHAPTEK XVIL 

THE THREE LATER PALiEOZOIC PERIODS, 
OR THOSE OF THE UPPER PALEOZOIC ROCKS. 

Devonian Period, — ^It was stated towards the end 
of the last chapter that in the typical Silurian district 
there was a great mass of red sandstones, the lower 
portion of which seemed closely connected with the 
Silurian rocks below, and the upper portion to belong 
to the rocks above it, and that this great series of red 
sandstones had been all grouped together as the Old 
Bed sandstone. 

In parts of South Wales this Old Eed sandstone 
has an aggregate thickness of at least 10,000 feet. It 
consists of many beds of variously coloured sandstones, 
the predominant hue being red or purple, interstrati- 
fied with beds of red or mottled marl and clay, and 
beds of sandy and clayey limestone, locally called com- 
atone, &om its disintegrating in grains or corns, and with 
some thick conglomerates. 

It is impossible in Siluria to separate this great 
series into distinct groups. In Ireland and Scotland, 
however, there are districts where a similar great mass 
of red sandstones occurs above the Silurian and beneath 
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the Carboniferous rocks, but whicli are separable into 
two groups by a wide and distinct unconformity of tbe 
upper portion on the lower. In Ireland the lower part 
which is conformable to the Upper Silurian rocks has 
been called the Dingle Beds, from the name of a town 
which stands on them. In Scotland, where they con- 
tain Cephalaspis and other Silurian fossils, they have 
been provisionally called Lower Old Eed sandstone 
till they receive some special designation. 

In all three countries, namely in Scotland, in Ire- 
land, and in South Wales, the uppermost portion of the 
red series, which we may consider the ' true Old Eed 
sandstone, forms the conformable base of the Carboni- 
ferous series, and it contains the remains of plants 
either identical with, or closely allied to, those of the 
Carboniferous rocks, and in some cases the remains of 
fish, some of which are peculiar to it, while others are 
also found in the Carboniferous rocks. 

Fig. 38 shews the relations of the rocks in a part 
of South Wales near Llandeilo fawr,* where the Silu- 
rian rocks and the lower part of the red series are quite 
vertical, while the upper red rocks dip gently to the 
south beneath the great coal-field of South Wales. 

Now the question may well be asked here, what 

have all these descriptions to do with the Devonian 

Period 1 1 will endeavour to answer this question as 

briefly as possible. 

* In pronouncing Welsh words a single f is like the English 
V ; when it is to be sounded Hke f it is doubled, thus, ff. The 
double LI has a pecuUar sound that no ** Sassenach" mouth can 
properly pronounce. 
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All these red rocks which have hitherto been 
classed together as Old Eed sandstone, lie between the 
top of the Ludlow rocks and the bottom of the Carboni- 
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Pig. 38. 

Section across Cwm Cennen, three or four miles soath-west of Llandeilo 
fawr. Length of section about three miles. 

Feet. 

Carboni- ( h. Carboniferous limestone 500 

ferous. \ g. Lower limestone shale ------ 100 

Old / /. Red and yellow sandstones 800 

Red J A space of nearly a mile in which no rock is visible. 
. Sandstone. ( e. Red sandstones, shales, and comstones - - 1200 

{d. Laminated red and gray beds . - - - 200 
c. Laminated gray beds (Tilestones) - - - - 450 
h. White and gray sandstone (fossiliferous) - - 350 
a. Laminated sandstone and shales (fossiliferous) - 500 

ferous limestone, or between two well-established mem- 
bers of the Upper Silurian and Carboniferous formations. 
In Devonshire and Cornwall there is a great series 
of slates with bands of limestone, which series is covered 
by a thick deposit of culm measures which are un- 
doubtedly of Carboniferous age. The slates and lime- 
stones contain fossils, some of which are found else- 
where in the Carboniferous rocks while others are 
not, but are peculiar to the rocks of Devon and Corn- 
wall so far as England is concerned. Some of these 
fossils, especially some Tnlobites, are more like Siln- 
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nan forms than those elsewhere found in Carbonife- 
rous rocks. It was therefore shrewdly guessed by Mr. 
Lonsdale, when he examined the fossils collected by 
Professor Sedgwick and Sir R I. Murchison, and saw 
the maps and sections which they had constructed, 
that these rocks held an intermediate place between 
the Upper Silurian and true Carboniferous formationB. 
If so, then they held the same place as the Old Bed sand- 
stone did, and therefore were contemporaneous with it. 

There is of course no reason why the same forma- 
tion should not consist chiefly of sandstone in one dis- 
trict, and of slate and limestone in another, the one 
probably containing fossils derived frym the land, and 
the other those of the open sea. It was therefore 
assumed that there was a distinct period which inter- 
vened between the Silurian and Carboniferous Periods, 
and the name Devonian was given to this period, and 
has been rather widely adopted, as a short well-sound- 
ing term derived from one of the supposed typical dis- 
tricts. It may possibly turn out that such a period 
really ought to be maintained, and that some of the 
rocks of Devon, of the Ehenish provinces, and of North 
America, require its establishment. It can however 
now be shewn that these beds of North Devon, which 
have been called Upper Devonian, are above the top- 
most beds of the true Old Eed sandstone, and are 
nothing else but Carboniferous rocks. This can be 
proved by the structure of the south of Ireland, and its 
comparison with North Devon. 

In the county Waterford we have the true or upper 
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Old Eed sandstone in its ordinary form, as it occurs 
just beneath the Carboniferous limestone in South 
Wales, with a thin group of black shales between it 
and the base of the Carboniferous limestone, exactly 
as in the southern end of the section Fig. 38. As we 
trace these rocks to the west-south-west from Waterford 
into the county Cork, both the Old Eed sandstone and 
the black shales above it get thicker and thicker till 
each are several thousand feet thick Both become 
affected also by slaty cleavage, so that all their more 
fine-grained argillaceous beds become true clay-slate. 

The upper part of this cleaved Old Eed sandstone 
continues to shew the same fragments of plants and 
other terrestrial fossils as before, and the black shales 
or slates the same marine shells as before, but there 
are beds of gray and greenish grit which make their 
appearance in the lower part of the black shales, and 
contain some large bivalve shells (Cucullaea, etc.) and 
other fossils not known in any other beds, mingled 
with common Carboniferous fossils. These Grits are 
called Coomhola Grits in Ireland, and the black shales, 
when they thus thicken out and become cleaved, have 
been called the Carboniferous Slate by Sir E. Griffith. 

The Coomhola Grits are identical with some beds 
called the Marwood sandstones of North Devon both 
lithologically and in their fossil contents, and the Car- 
boniferous slate is identical with the so-called Upper 
Devonian black slate which runs just north of Barn- 
staple in North Devon, A short visit to that district 
in September 1862 enabled me to compare the rocks 
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there with those which I knew so well in county Cork, 
and I was astonished at the strict similarity, bed for 
bed, and almost fossil for fossil, between these rocks in 
North Devon and those of the south-west of Ireland. 

Collections from the two districts now lie in ad- 
jacent cases in the Museum of Irish Industry in Dublin, 
and nobody would suspect that they had not been col- 
lected from the same quarries, with the exception of 
one or two trilobites from Braunton, in Devonshire, 
which have not yet been found in Ireland. 

It appeared to me that the red rocks which occur 
on the north side of Baggy Point, in Devon, and which 
strike thence eastward in a straight line into the country 
as far as Exmoor, were identical with the top of the 
Old Bed sandstone of county Cork, neither are the slaty 
rocks which rise to the northward about Ilfracombe 
very unlike much of the slaty part of the Irish Old 
Bed sandstone, when traced out into the farther head- 
lands of Cork and Kerry. 

If, however, the rocks of Ilfracombe and Linton be 
really the lower part of the Old Bed sandstone in a 
slaty condition, and if the slates and limestones running 
from Newtown Bushel to Plymouth be the same 
group, then, inasmuch as these contain some fossils 
that are not known elsewhere, the Devonian period 
may be considered as well established by the rocks of 
Devonshire, and part of the Old Bed sandstone may 
be considered to belong to it. I should, however, still 
be doubtful as to the propriety of including in the 
Devonian series those beds which contain the Cepha- 
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laspis and allied fish, whicli appear most probably to 
be the top of the Upper Silurian series, 

A careful perusal of what has been said regarding 
the Devonian system will be instructive, as shewing 
the nature of the researches which geologists undertake, 
and the labour and pains that have to be incurred 
before the different groups of rock can be arranged in 
their proper order, and the history of their formation 
be truly and regularly told. In this case Devon and 
Cornwall, Wales, Scotland, and Ireland, have each to 
be minutely examined, and parts of their structure 
compared with each other both by the same and by 
different observers. Their fossils have similarly to be 
collected, figured, described, and compared ; and all this 
has to be done in some cases again and again through 
a series of years, and the first conclusions corrected or 
supported by subsequent re-examinations. 

At one time Granite was thought to be necessarily 
the oldest of all rocks, and those that rested upon it to 
be the next oldest. The Granite districts of Devon 
and Cornwall were conceived then to be the oldest 
rocks of England, and the slates and the semi-crystalline 
rocks that rest upon the Granite there, to be the next 
in age. But some of the rocks which rest upon the 
Granite of Dartmoor are now proved to belong to the 
sixth or Carboniferous Period of our history, and it is 
clear that the Granite has come up in a molten condi- 
tion and penetrated into these rocks, and therefore 
must be newer than they are, for it could not have 
penetrated them if they had not been there, so that the 
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Granite of Devon and Cornwall is now known to be 
not nearly so old as any of the rocks which have been 
hitherto described. 

Carboniferous Period, — In Fig. 38 we have a section, 
the southern end of which brings us just to the northern 
edge of the South Welsh coal-field, shewing how the. 
Old Eed sandstone there dips beneath some black 
shale and limestone, which are called Carboniferous 
rocks. The following Fig. 39 will enable us to continue 
that section into the coal-field itself, and shew the 
rocks which lie above the limestone. 

Along all the northern edge of the great coal-field of 
South Wales, thick beds of pale gray limestone, with 

soom 
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Pig. 89, 

Feet. 
d. Coal-measures, with 50 seams of coal varying from 6 inches 

to 6 feet - - - 9600 

c. Farewell rock (Millstone grit of Derbyshire) - - - - 400 
&. Carboniferous limestone, including the black shale - - 700 
a. Old Red Sandstone. 

an aggregate thickness of many hundred feet, rise to 
the surface, and often form crags and cliflfe fix)nting the 
north, while they dip gently to the south, and sink in 
that direction beneath the beds in which the coal- 
seams lie. These beds form a vast series of interstrati- 
fied sandstones and clays of various kinds, colours, and 
qualities, making up a total thickness certainly of 7000 
and possibly of even 12,000 feet. Sandstone predomi- 
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nates in the lower parts, just above the limestone, making 
a sub-group which the coal-miners call the " Farewell 
rock," because, whenever they sink a shaft down to it 
they know that they may bid farewell to the coaL 
The beds of coal are numerous above these Farewell 
sandstones throughout the rest of the series, with the 
exception of another barren band of sandstones called 
the Pennant grits, about its middle part. 

The search for these beds of coal gives us exact 
information as to the nature and thickness of this group 
of rocks, as may easily be understood by looking at the 
section, Fig. 39, and supposing a shaft to be sunk in 
the first instance in the higher beds about Mynnydd * 
Camgoch, through the six highest beds of coal indicated 
by the lines here. Then suppose these coals to be 
worked on their rise up to their outcrop, and a second 
vertical shaft sunk further north, under the "o" of 
goch for instance, down to the three next beds, and 
these in like manner to be worked out to their outcrop 
and the process repeated, each pit sunk from the out- 
crop of one known bed to the deep part of the bed 
below it j it is obvious that we shall ultimately get a 
knowledge of the structure of all the beds below 
Mynnydd Carngoch, and the depth that the lower beds 
would reach to there. This could be done by continu- 
ing the inclined lines in the section, Fig. 39, below 
the horizontal line, and if the figure were to be accu- 

* In Welsh dd is pronounced like th in the English word 
the, and Mynnydd is pronounced as if spelt ** Munnyth ; " it 
means "the mountain," and Camgoch means the ^*red cairn." 
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lately drawn to scale, the depth, even of the limestone 
by and the Old Bed sandstone a, could be ascertained. 

In Fig. 40 we have a sketch section across a smaller 
coal-measure district, in which the beds have also been 
bent into a basin shape. 
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Fig. 40. 

Section of Bristol coal-field, taken from Mr. Hull's " Coal-fields of Great 
Britain." 



I. Lias and Oolites. 
N. New Red Marl. 
C M. Goal-measures. 



L. Garboniferous Limestobe. 

G. Millstone Grit. 

0. 72. Old Red Sandstone. 



This represents the structure of the Bristol coal- 
field, in which large parts of the outcropping edges of 
the beds are unconformably covered by newer deposits, 
which will be described in a future chapter. 

In Derbyshire, and the counties on each side of it, 
we have another district shewing a good type of the 
Carboniferous series. Here, however, instead of lying 
in a basin with the Coal-measures in the centre, the Car- 
boniferous limestone occupies the centre in the form of 
a broad gently sloping anticlinal arch, the axis of which 
runs north aud south, while its sides dip east and 
west respectively; the Carboniferous Limestone dip- 
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ping Tmder the Millstone Grit, and that under the 
Coal-measures in each direction. 

The western flank of the anticlinal is more irregular 
than the eastern, of which Fig. 41 may be taken as a 
rough section at one part. 
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Fig. 41. 

Section across part of the Derbyshire coal-field, omitting the faults and 
the flexures. 

Permian f/. Hagnesian Limestone. 
Rocks. \ e, Rothetodtliegende or lower red sandstone (occasional). 

{d. Coal-measures 3700 
c. Millstone Grit 350 
6. Upper Limestone shale . - . . . 250 
a. Carboniferous Limestone 800 

The Carboniferous limestone is nearly horizontal in 
the centre of the Derbyshire district, forming ground 
of which the general level is about 600 or 800 feet 
above the sea. The numerous brooks and rivers have 
cut deep valleys into it, forming the beautiful Dales 
of Derbyshire, which, in the limestone parts, are 
bounded chiefly by perpendicular cliffe* of white lime- 
stone. These dales, excavated in the inclined beds, 
shew a thickness of limestone equal to 800 or 1000 feet; 
but they nowhere cut so deep, nor does the limestone 
anywhere rise so steeply, as to shew its bottom beds, 

* A long line of cliffs is called a ** scaur," a single bold one 
is called a ** torr," while around-topped hill is a " lowe ; " names 
with which every Derbyshire tourist must be familiar. 
Q 
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or enable us to determine whether there is any Old 
Eed sandstone below it, or whether it rests unconfor- 
mably on some older rock. 

Two very remarkable bands of igneous rock are inter- 
stratified with the limestone in Derbyshire, and well 
shewn in many of the dales or along the hill sides. 
This rock is a kind of greenstone, but is called by the 
miners " toadstone," being often coloured and spotted 
like a toad's back ; it is often associated with soft clays, 
mottled green and red in various shades. These bands 
are old submarine lava streams poured out on the bed of 
the sea at intervals during the formation of the lime- 
stone, each band of toadstone being formed of several 
flows of this old lava, while the clays are the decom- 
posed " ash " that was ejected occasionally during the 
outpouring of the lavas. 

The limestone part of the district is everywhere 
surrounded by a broad open dale formed by the exca- 
vation of the soft black shale which lies over the 
limestone, and is known by the name of the Upper 
limestone shale. The valley of the Upper Limestone 
shale of Derbyshire has the central limestone hills on 
one side, but on the other is everywhere, except towards 
the south, girdled by bold sweeping hills of Millstone 
Grit. These hard thick sandstones often form lines 
of dark beetling crags along the summits of the escarp- 
ments which look down on the valleys and face the 
central hills of limestone ; while in the other direction 
they form broad, undulating, heathery moorlands till 
they gradually sink down, towards the east and west, 
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into the busy, but black and smoky, haunts of the coal- 
fields. 

The anticlinal ridge of Carboniferous rocks which 
rises in Derbyshire is continued northwards into 
Northumberlandshire. It is, however, in some places 
irregular, so that the coal-fields on its flanks are sepa- 
rated from each other by cross-flexures, and towards 
the north its western flank is broken down by great 
faults and dislocations. There is, moreover, a remark- 
able change to be observed in the constitution of the 
rocks. The Upper Limestone shale which forms Mam 
Torr (or the Shivering Mountain), just north of Castle- 
ton, spreads to the northward of that town, over the 
crest of the anticlinal, entirely concealing the limestone, 
and is itself covered by the Millstone Grit, which forms 
a series of wild moors in Kinder Scout, the Featherbed 
Moss, and other high and barren districts, which stretch 
thence for miles and miles towards the north. 

This long, gently sloping table land, forming moors 
and mosses, fells and forests of many names, rarely 
sinking so low as a thousand, and often exceeding two 
thousand feet in height above the sea, is sometimes 
spoken of as the Pemiine Chain of England. The 
rivers that run down its eastern slope have cut deep 
winding valleys into the rocks below, and expose the 
beds so clearly and frequently that the miners have 
given names to their different groups by which they 
familiarly distinguish them. Airedale, Wharfedale, 
Wensleydale, Swaledale, Teesdale, Weardale, are some 
of the best known of these valleys. 
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In all this district tlie Carboniferous limestone 
becomes more and more split up by interstratified shales 
and sandstones as we proceed towards the north, 
while limestones make their appearance in beds that 
are probably the same as the Upper Limestone Shale 
and Millstone Grit of Derbyshire. Beds of Coal, like- 
wise, come in with the shales and sandstones. 

In Teesdale and about Alston Moor the series is 
the following, according to Foster, as quoted in Phillips's 
Manual : — 

Feet. 

^.,, . r Sandstones, shales, ironstones, and^ 

< coal, with the FeUtop limestone, > 410 
°^ * ( which is 4 feet thick. j 

Upper { Three limestones with sandstones, \ 
Limestone < shales, and coals, and the Underset > 247 
belt. ( limestone, 24 feet. j 

p, r Sandstones and shales with five lime- \ 

°. < stones — one, called Scaur limestone, > 304 
series. ^ 30 feet thick. j 

' Tyne bottom limestone . . 24 
Shales, etc., with the "Whin 
Great sill," a bed of trap . . 75 

Scaur J Five Hmestones with shales and V 11 Q4 

Limestone ) sandstones . . . 282 f 

Great Limestone . . .132 
Shales, sandstone, and coals, 

with three limestones . . 681 ^ 

2155 

The upper part of this complex series dips towards 
the east under the Newcastle coal-field, where it is 
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covered by upwards of two thousand feet of Coal- 
measures without any distinct top being reached. 

In the northern part of Northumberland the lime- 
stones become stiU thinner and fewer, and in the 
Berwickshire, and in the Scotch coal-fields between 
Edinburgh and Glasgow, the whole series is a Coal- 
measure one, resting directly on the Old Eed sandstone, 
with a few comparatively thin bands of limestone in 
the lower part of the series. 

Mr. Geikie gives the following condensed classifica- 
tion of the Carboniferous series of Scotland : — 

Feet 

6. Upper or Flat Coal series of Mid-Lothian . 1800 

5. Moor Eock or Eoslyn Sandstone . . 1500 

4. Lower Coal and Upper Limestone beds . 900 
3. Lower or Thick Limestone series with two 

Coal seams .... 200 

3. Calciferous Sandstone .... 1 

1. Upper Old Eed sandstone . . . ? 

In Ireland the Carboniferous formation occupies a 
greater comparative area of the surface than in any 
other country, the Carboniferous Limestone being the 
surface rock right across the island, from Dublin Bay 
to Galway Bay, and over a large part of the interior 
both north and south of that line. This limestone 
was, doubtless, at one time covered by the Coal-mea- 
sures, with, perhaps, good beds of Coal in their upper 
parts. Patches of these Coal-measures are, indeed, 
still left here and there, forming hills that rise 
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sometimes several hundred feet above the limestone 
plain. This is more especially the case where the beds 
have been bent into a basin shape, so that the upper 
beds dip beneath the present surface of the ground. 
Fig. 42 is a diagrammatic section across one of these 
little basins near Killenaule, in county Tipperary. 



...^^^^^^^^^^^x - -— '"''"^ 



&v\\ -^^ 



>^ 



b^ 



«. 6f o' e^ T1 

Fig. 42. 
Section of Slievardagh Coal-field, Tipperary. 

Length of section, about 1^ mile. Feet 

rh* Black shales and grey grits, with nine small beds of 

Coal- J coal 1800 

measures.! h^ Flagstone series, grey sandy flags and black shales 700 

^&i Black shales, with occasional thin bands of grit . 800 
a Carboniferous limestone, upper beds. 

In the North of Ireland great beds of sandstone and 
shale appear in the lower part of the Coal-measures, 
and the limestone is divided into an Upper and Lower 
group by a series of sandstones and shales called the 
Calp, somewhat in the same way as in Yorkshire, where 
Professor Phillips describes them as the Yoredale rocks. 
In the south of Ireland it has been already stated that 
the Lower Limestone shale which lies below the lime- 
stone suddenly swells out to an enormous thickness, as 
much as 5000 or 6000 feet. I have lately seen reason 
to suspect that this may possibly have been simultaneous 
with a thinning of the limestone above, and that part of 
the Carboniferous Slate may really be contemporaneous 
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with part of the Limestone. Mud and sand may 
easily be supposed to be deposited in one part of a sea, 
while limestone is forming in another. Some of the 
animals that lived in that sea may have spread through 
both parts, while others may have been restricted to 
the one that suited them best. If this suspicion be 
hereafter confirmed, it will follow that the so-called 
Upper Devonian rocks of North Devon are absolutely 
of the same age as the Carboniferous limestone, differ- 
ing from it only in the nature of the material* 

Carboniferous Fossils, — ^The fossils found in the 
Carboniferous rocks consist of numerous plants as well 
as animals, the plants being usually found in the shales 
or sandstones, while the animals are most abundant in 
the limestones, though they have occasionally left nu- 
merous impressions in the sandstones, or are preserved 
in the clays. 

Among the plants we find the impressions of many 
varieties of the leaves of ferns that may possibly have 
belonged to tree-ferns, while there are also large stems 
of trees, shewing the structure of coniferous wood. In 
Fig. 43 b we have a specimen of a piece of fern leaf 
called Alethopteris(^n*e/erw) lonchitica(ZiA;e the addends- 
tongue fern). In Fig. 43 a is represented the end of a 
jointed fluted stem which is very common. It is called 
Calamites (reed-stone) cannseformis (canerformed), and is 
supposed to have been allied to the Equisetaceae {Horse- 

* Sir K. I. Murchison, in the last edition of his little geolo- 
gical map of England and Wales, colours the North Devon beds 
with the same colour as the Carboniferous limestone. 
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tails) of the present day. Fig. 43 d represents part of 
a plant called Lepidodendron elegans (the elegant Scale- 
tree\ which botanists think must have been one of the 
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Pig. 48. 
Carboniferous Plants. 

a. Calamites cannseformis. d. Lepidodendron elegans. 

b. Alethopteris lonchitica. e. Stigmaria ficoides. 
c Sigillariareniforms. 

LycopodiaceaB (Wolf's-foot kind) to which the club 
mosses of our mountains belong. Trees of Lepidoden- 
dron, forty or fifty feet long, however, have been dis- 
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covered, and multitudes of their seed cones, like larcli 
cones in shape. The other two figures, 43 c and e^ 
were in reality parts of one plant, although going by 
different names. The genus Sigillaria {having seal-like 
impressions) was the upright stem of the plant, and 
Stigmaria {having pit marks) was the root of it, from 
which numberless rootlets proceeded on all sides into 
the mud in which it grew. There are several species 
of Sigillaria, of which reniformis {kidney -shaped) is the 
one figured, and one o\ two supposed species of Stig- 
maria, besides ficoides {the fig-like). These plants 
certainly contributed largely to the formation of most 
beds of coal in the Carboniferous rocks, and from the 
abundance of Stigmaria usually found beneath each bed 
of coal, it appears that the Sigillaria must have grown 
on the spot, and the coal must have been principally 
formed of their decay. K they were terrestrial plants, 
this must obviously have taken place on the dry land, 
and the materials of each bed of coal must have accu- 
mulated like the peat bogs of our own countries, each 
bed being covered by sand and mud when depressed 
beneath the sea. 

There are, however, facts connected with the strati- 
fication of coal-beds, and that of the shaly partings and 
beds between them, which are in favour of the whole 
having been accumulated under water, in which case 
these Sigillaria must have been aquatic, perhaps even 
marine, plants. The roots of water-lilies, when freshly 
pulled out of the mud, are wonderfully like Stigmaria, 
with similar rootlets branching in all directions. 
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Beds of coal in the Coal-measures are found of all 
thicknesses, from half an inch up to three feet, but they 
rarely exceed that, thicker seams of coal being formed 
by several beds resting directly one upon the other, 
with only very thin partings, or none at all, of the inter- 
mediate clays or sands which elsewhere separate them. 
In part of the South Staffordshire coalfield, thirteen 
such beds are associated into one great compound seam 
thirty feet thick, long known under the name of the 
Thick or Tenyard coaL This, however, is, within the 
space of five miles in one direction, split up by inter- 
mediate beds of sand and shale into eight or nine sepa- 
rate seams, the whole group of beds having then an aggre- 
gate thickness of more than 300 feet. 

Almost all beds of coal are very evenly and regu- 
larly laminated into thin layers, as if the materials had 
been equally disseminated, and slowly subsided in water 
from time to time, though it is possible, perhaps, that 
this appearance might be produced as in peat by the 
growth and decay of successive layers of vegetable 
matter on dry land. 

Dry land must have existed at all events near the 
spots where the coal was formed, inasmuch as the Ferns 
and Coniferse could only be terrestrial plants. In addi- 
tion to these, a land-shell like a Pupa has been found 
in the inside of one of the upright trees of the Coal- 
measures of Nova Scotia, by Dr. Dawson, and several 
land-reptiles have also been found more or less nearly 
resembling lizards externally, but belonging, by their 
anatomical relations, chiefly to an extinct order of the 
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reptile class called Labyiinthodonta. Professor Huxley 
has lately described some larger Labyrinthodont reptiles 
found in the Carboniferous rocks of Scotland. 




Pig. 44. 
Carboniferous Fossils. 



a. Michelinia favosa. 

b. Amplexos coralloides. 

c. Lithostrotioii aflOne. 



d. Terebratula hastata. 

e. Spirif era striata. 

/. Producta semireticulata. 



In Fig. 44 we have a few of the animal fossils of 
the Carboniferous rocks represented. The three first 
are Corals, Michelinia (from M, MicTielin) favosa 



236 THE THREE LATER PALEOZOIC PERIODS. 

{honeycombed)^ Amplexus {an embrace) coralloides 
(coral-Uke), lithostrotion (stone rod) aflfine (close to- 
gether\ are very abundant in some parts of the lime- 
stone, and sometimes make large masses. I have 
measured one of the latter in Tipperary, which was 
nine feet in diameter {figured in Explanation of 8h. 
145 of the Geol, Surv,, Ireland). The other three, 
namely, Terebratula (little bore hole) hastata (spear- 
shaped)^ Spirifera striata (striated spire-bearer), and 
Producta semireticulata (hxilf -reticulated produced shell), 
are aU Brachiopodous bivalves. 

These Brachiopoda have been several times men- 
tioned. They were quite the most abundant of bivalve 
shells during the PalsBOZoic epoch, and perhaps the 
most abundant of all shells. They continued to be 
plentiful, both in species and individuals, till the com- 
mencement of the Tertiary epoch, when they became 
comparatively scarce, and they are rare, although 
still existing in the seas of the present day. The ani- 
mals are of a lower grade, or less highly organized, than 
the Conchifera (cockles, oysters, mussels, etc.). Their 
bodies are thin and filmy, and they have two thread- 
like processes covered with vibratile cilia, which are 
said to be the extension of what serve as lips to the 
Conchifera. These processes are supported in some 
genera, as in the Terebratulse, on singular thin shelly 
loops inside the shells, which, in the Spiriferse, were 
coiled into two spiral coils like watch-springs, each 
starting from the beak and proceeding to the end of the 
shell. In the ProductsB the two valves were both curved 
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in the same direction, so tliat the ventral valve fitted 
into the dorsal one, leaving but little room for the body 
of the animal, and none for any internal shelly process. 
In those which had spires, loops, or plates, however, 
both valves bulged outwards. The valves are diffe- 
rently arranged, with respect to the body of the 
animal, in the Brachiopoda and Conchifera. In the 
Brachiopoda they are like breast-plates and back- 
plates, and are hence called ventral and dorsal valves, 
while in the Conchifera they resemble two great 
shields, one on each side of the animal, and are thus 
spoken of as right and left valves. The consequence 
is, that as the animals are generally alike with re- 
spect to their sides, but differ in their front and back 
outlines, the shells of the Brachiopoda are generally 
equilateral but inequivalve, while those of the Conchi- 
fera are equivalve but ineqmlateral In other words, a 
BracMopod shell has usually the valves unlike each 
other, but each valve would be divided into equal and 
similar parts, or sides, by a line drawn through the beak 
at right angles to the hinge ; but in a Conchifer the 
valves are generally alike, and equal to each other, while 
each valve would be divided into unequal parts by a 
line drawn as aforesaid. The common Oyster is 
a conspicuous exception to this rule in the Conchi- 
fera, but the great majority of them follow it. 

Of the fossils figured in the cut No. 45, e, /, and g, 
are chambered univalves belonging to the class of Ce- 
phalopoda, Nautilus biangulatus (the double-angled) is 
a species of the same genus as the living pearly Nautilus, 
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the divisions of which are simple and saucer-like, with 
a siphuncle, or little tube, in the centre of each division. 




Fig. 45. 
Carboniferous Fossils. 



a. Platycrinus Itevis. 
h. Paleeclunus spluericus. 

c. Pentremites Derbiensis. 

d. Phillipsia pustulosa. 



e. Nautilus biangulatus. 
/. Ooniatites Listen. 
g. Orthoceras (Jesneri. 



The Goniatites (angled sliell) differs from the Nautilus 
in the form of the divisions of the chambers (which 
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axe not shewn in the figure), the edges of the saucer- 
like partitions being bent into sharp angles, and the 
siphuncle running near the hack of the shell. The 
Orthoceras Gesneri {of Gesner) is another curiously 
ornamented species of a genus of which other species 
have been found in the earlier rocks. Some of the 
Carboniferous species were as large as a man's leg. 
The Palsechinus sphaericus (sphcere-like old-urchin), 
greatly resembled the echini or sea urchins of the 
present day. The Pentremites Derbiensis (Derbyshire 
five-oar) was an animal of the same great class (Echino- 
dermata), but more like some of the Cystideae we have 
already seen. Platycrinus (broad lily) Isevis (the 
smooth) was one of the great group of the sea lilies that 
must have waved their jointed stems and tufted heads 
in inconceivable abundance in some parts of the sea 
bottoms of this period They seem to have played the 
same parts as producers of limestone which Coral-reef^ 
making Corals do now, since bed after bed of Carboni- 
ferous limestone, making long ranges of lofty hills, 
seem to be made up of little else than the broken and 
often half obliterated fragments of these animals. In 
many of the crystalline marbles of this formation, 
there is not a crystalline particle that will not, if ex- 
amined by the lens, shew a black spot like the mark of 
a pin's point, which is the central canal of some joint 
of a crinoid animal, and this mark often remains when 
the external form is lost. The figure 45 cZ is that of 
a trilobite, the pockmarked Phillipsia (named after 
Professor Phillips), which, so far as we at present 
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know, was the last of its order ; no species of tiilobite 
having as yet been discovered in any more recent rock 
than those of the Carboniferous period. 

In some parts of the Carboniferous limestone, and 
sometimes in the shales of the Coal-measures, the teeth 
of fishes are found ; mostly of kinds belonging to the 
same order as that to which the existing Sharks and 
Eays belong, but some to that which includes the 
fishes with scales forming bony plates, like the Stur- 
geon. The mouth of a Eay is covered above and below 
with a pavement of fiat teeth, either smooth, rough, or 
hooked, serving not only to catch, but to crush and 
grind the shells of the Crustacea and MoUusca on which 
they live. There is one living species of Shark (the 
Cestracion or Port Jackson Shark), which has a similar 
pavement of palatal teeth. It inhabits the Australian 
seas, a part of the world where many of the older types 
of life still linger. This family was far more abimdant 
in the Carboniferous period of the earth's history than 
in the present, and five of the fish of whose teeth 
figures are given in woodcut No. 46 belonged to it. 
These are the Petalodus Hastingsise {Lady Hastings' 
bud-tooth), the Cochliodus oblongus (oblong shell-tooth), 
the Psammodus porosus (porous sand -tooth), the 
Psecillodus transversus (transverse variegated tooth), 
and the Orodus ramosus (branched hillock-tooth). Of 
the remainder the Cladodus striatus (striated branch- 
tooth) and Diplodus gibbosus (humped double-tooth) 
belonged to an allied family called the Hybodonts 
{hump-teeth), and the Holoptychius Portlockii (General 
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Portlocl^a wrinkle'Seale), belonged to a family allied 
to that of the Sturgeons. 

One of the charms of the study of geology is that 




Pig. 46. 
Carboniferous Fish Teeth. 



a. Cladodas striatus. 

b. Petalodas Hastingsise. 

c Holoptychitis Portlockii. 
d. Cochliodus oblongos. 



e. Psaramodus porosiis. 
/. PsBcillodus transverstis. 
g. Orodus ramosus. 
h. Diplodus gibbosus. 



while it deals with the plainest matters of fact, it con- 
tinually calls up to the imagination pictures of past 
events of which the general truth is certain, while all 

K 
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the details are left to fancy. That the limestones of 
the Carboniferons period were formed beneath the waves 
of a wide spread sea is as certam a &ct as that they 
now form the lofty difiEs at the foot of which the geolo- 
gist pauses to ftY^wimA them. The fossils they contain 
are the remains of animals that once lived and sported 
in those waves. The shales and sandstones were de- 
rived from the waste of the lands on which the Ferns 
and other plants grew, and those plants themselves, 
now compacted into the rock we call coal, secreted car- 
bon from the ancient atmosphere while they were green 
with life and toying with the winds. The simple truth 
is like a £ury tale, the transformation like that in a pan- 
tomime, yet it is literal fact, while the time that has 
elapsed during its working out leaves fjEir behind the 
wildest dreams of the romancer or the poet. 

The Permian Period, — As the rocks deposited 
during the Upper Silurian period are covered by a 
series of red sandstones and conglomerates, so the Car- 
boniferous rocks are likewise covered by a series of pre- 
cisely similar character. In the one case these red 
rocks have been classed together as the Old Eed sand- 
stone, in the other they were at one time all grouped 
together as the New Ked sandstone. Whatever degree of 
similarity, however, there may be throughout a series of 
red sandstones, it has been found necessary to separate 
those originally called the New Eed sandstone into two 
groups, belonging not only to different periods, but to 
different epochs. What has been done with the Kew 
Eed sandstone will have to be done, more or less, with 
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the so-called Old Bed sandstone. In each case, the 
old prejudice, that a geological formation must every- 
where consist of the same kind of rock, and that a suc- 
cession of beds made of one peculiar material must 
necessarily belong to the same formation, has operated 
to retard a oorrect classification. No one could tell a 
specimen of Old Bed sandstone horn one of the New 
Eed sandstone, and even in the field, a district belong- 
ing to one formation has been taken for the other by 
the most experienced geologists of the day. 

The succession of red beds, then, formerly called the 
New Bed sandstone is now separated into two, the 
Permian and the Triassic or New Bed sandstone pro- 
per ; the one being the newest of the PalaBozoic groups, 
and the other the oldest of the Mesozoic. 

This part of the series, as it exists in Britain, is very 
broken and imperfect, and, like the part occupied by the 
Old Bed, must be taken to mark the place where a 
greater gap than usual exists in our records. In other 
words, one or two groups of rock are wanting in our 
area which may, or may not, hereafter be discovered in 
other parts of the world. 

The term Permian was derived by Sir. R L Murchison 
from a district called Perm in Bussia, where the rocks 
of the period and their separation jfrom the New Bed 
sandstone proper are well shewn. 

In the British Islands there are two very distinct 
lypes of the Permian rocks. 

The first is that on the eastern side of the Pennine 
chain, where they consist chiefly of two divisions — 1. 
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The Lower Bed Sandstone ; 2. The Magnesian lime- 
stone. The latter stretches from the coast of Durham 
as tax soath as Nottingham, where it dies out. These 
groups are indicated in fig. 41 as lying nnconformably 
on the Coal-measoies. 

The Lower Bed Sandstone, which occurs in the 
same position in Germanj, and is there called the 
Bothetodtliegende or red dead-layers, rarely exceeds 
200 feet in thickness. It contains large stems of 
plants, apparently the same as those in the Coal- 
measures. 

Oyer this there is found, in Durham, a hand of 
brown shaly marl, called the Marl slate, which is some- 
times 60 feet thick. This often abounds with the re- 
mains of Fish, and it is remarkable that a similar group 
is also found in Germany, and there also called Marl 
slate (Mergel schiefer) which contains similar fish.* 

Fig. 47 will give an idea of the forms of some of 
these fish, and of their beautiful state of preservation, 
their shining scales still glittering, and all the rays of 
the fins still in their places. The Platysomus. striatus 
(striated Broadmouth), Cselacanthus granulosus (jgira- 
nulated Hollow spine), and Palseoniscus comptus 
(combed ancient oniscus) were all got from the Marl 
slate. They belong to different families of the same great 
order which the Sturgeon belongs to. As in that fiish the 

• The Rev. Professor Sedgwick first described these rocks 
and fossils in the 8d vol. of the Geol. Trans. Professor W. 
King has subsequently illustrated them in a fine volume in the 
Palseontograph. Soc.*s publications. 
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back-bone is continued into tb& upper lobe of the tail 
fin, and seems to fonn a part of that fin, instead of ter- 
minating entirely when the tail fin commences, as in the 




Fig. 47. 

Permian Fish. 

a. Platysomus striatus. b. Cselacanthus granulosus. 

c. Palsoiuscus comptus. 

Cod and Perch, and most of the Fish of the present day. 
The latter character is called homocercal or regular- 
tailed, the former heterocercal or irregular-tailed, and it 
is worthy of note that no specimen of a homocercal fish 
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has ever been found in any bed belonging to the 
Palasozoic epoch. 

The Mad slate forms the base of a series of lime- 
stones which almost all consist of Magnesian limestone. 
This Magnesian or Dolomitic* character is so preya- 
lent in this gronp in the north-east of England that it 
is therefore called the Magnesian limestone^ though 
large parts of the Carboniferous and other limestones 
are often quite as magnesian as any of the Permian 
limestones. The Milesian Limestone of Durham is 
sometimes 400 or 500 feet thick^ often mottled yellow 
and red, and sometimes strangely concretionary, the 
nodules taking the form of bunches of grapes, piles of 
musket or cannon balls, or other strange forms. 

It is in some places fossiliferous, the species being 
peculiar to the deposit, though some of the genera are 
common to it and the Carboniferous rocks below. The 
genus Producta is the most remarkable of these— one 
species, the Producta horrida, being widely difiused in 
the Permian limestones of England and Germany. "No 
Trilobites have yet been found in any Permian rock. 

The second type of the Permian rocks is that of 
the central counties of England, where they consist 
chiefly of sandstones and conglomerates of very variable 
character, but mostly of a red colour. The section in 
Fig. 48 shews one form which these Permian rocks 
assume round part of the southern extremity of the 

* Perfectly Magnesian Limestone, consisting of a nearly 
equal mixture of the two Carbonates, forms the mineral called 
Dolomite, after M. Dolomieu. 
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South Sta&idshiie Coal-field. The trappean breccia 
here is sp thick, and the fragments of trap so angular, 
that the Clent Hills werefomierly supposed to he made 
of solid trap, concealed by local debris only. Large 
angular fragments of liandovery sandstone and other 
rocks, some of them seemingly brought from consider- 
able distances, occur in other parts of the district 
among these breccias, while in others, again, there ap- 
pear to be no breccias or conglomerates, but only fine- 
grained sandstones and marls. Their total thickness 
exceeds 1000 feet. 

No fossils belonging to the formation itself have 
been found in these deposits, in the Midland Counties, 
except some tracks or footmarks of reptilian animals of 
a peculiar character, similar to those which are found 
in the Kew Eed sandstone. Near Bristol, however, the 
remains of other reptiles called Palseosaurus and Theco- 
dontosaurus were found in Permian rocks. Numerous 
tracks found at Corncockle Moor in Scotland in some 
red rocks, now believed also to be Permian, have been 
figured in a magnificent work published by Sir W. 
JiEtrdine. 



CHAPTEE XVIIL 

MESOZOIC OR SECONDARY EPOCH. 

The New Red Sandstone or Ti^iassic Period. 

As all the separations in the series of stratified rocks 
are founded on the occurrence of breaks in their 
sequence, it follows that the account of the beginning 
and the ending of each great division must be obscure 
and unsatisfactory. 

This was the case in the history of the Palaeozoic 
Epoch, and it will be so here. 

Each group of beds which were deposited in regular 
succession with only ordinary intervals between them, 
is intelligible in itself, and can be easily described, since 
it represents a certain order of things established within 
a given area. But it is often difficult to give even a 
guess at what took place between one established order 
of events and another. 

A bed of rock proves its own formation, and that 
a sufficient time elapsed to allow of that formation ; but 
an interval in which nothing was formed necessarily 
leaves us no means of measuring its length. 

On the other hand these intervals of non-produc- 
tion, or perhaps of actual destruction of that which had 
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been previously produced, are useful as giving us boun- 
daries 01 division lines by which a series can be grouped 
into parts that would otherwise have been intermin- 
able, and therefore almost indescribable. While we use 
these gaps in our series for this purpose, however, we 
must be careful not to abuse them, which we should 
do if we came to the conclusion that because they give 
us only negative evidence, they are to be taken as proof 
that nothing happened. 

It will be recollected that in Chapter XIIL the 
unconformability of one group of rocks to another was 
shewn to be good evidence of a great interval having 
elapsed between their times of deposition. Now there 
is not anywhere in the structure of the British Islands 
a more marked and widely spread unconformability 
than that between the 'New Eed sandstone and the 
Carboniferous and older deposits of the Palaeozoic 
Epoch. The originally horizontal beds of the Coal- 
measures had been bent into basins and domes, troughs 
and ridges ; the Carboniferous Hmestone, covered at one 
time by so great a thickness of these Coal-measures, 
had been in some places entirely denuded of them, 
and deep valleys worn into it ; and even the Old Eed 
sandstone and other formations beneath it had been 
laid bare over wide areas, before the deposition of 
some of the beds of the period we are now about to 
describe. Much disturbance and denudation of the 
Carboniferous rocks had taken place even before the 
Permian beds were deposited, and these themselves 
had likewise suffered greatly, along with the others. 
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before the New Bed sandstone Period. Throngliont 
England and Wales, and the North of Ireland, and pro- 
bably in parts of Scotland, as well as here and there 
through the greater part of Europe, dear evidence of 
these facts can be obtained. 

The section, Fig. 40, of the rocks about the Bristol 
coal-field, and the section. Fig. 62, of the valley of Bel- 
fast, will serve to illustrate these statements, and shew 
that the New Bed sandstone in each case rests upon a 
previously formed surface of erosion that had been 
made for its reception across the edges of the Palaeozoic 
rocks.* 

The term New Bed sandstone is obviously a very 
bad name by which to designate a period of time. It 
would not much mend the matter, however, if we 
adopted the term Triaasic, which the Continental geolo- 
gists have brought into use, because the beds deposited 
during this period of time happen in some districts to 

* I have been a little more particular in describing the nn- 
conformability between the New Red sandstone and the Car- 
boniferous rocks than in the case of other formations, because a 
point of great practical importance is involved in it. If the 
Permian and New Red sandstone rocks were always conform- 
able to the Coal-measures, it would be reasonable to expect that 
the latter, and probably therefore beds of coal in them, would 
always be found by sinking through the upper formations. Large 
sums of money have actually been expended in sinking pits with 
this expectation in places where, in consequence of this previous 
denudation, the rocks now lying immediately under the New 
Red sandstone must be Carboniferous limestone. Old Red sand- 
stone, or some still older and lower formation, as would be the 
case at either end of the section in Fig. 40 for instance. 
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be divisible into three groups. All these purely local 
and accidental characters, derived from the colour, or 
nature, or divisions of the rocks of particular districts, 
will ultimately be thrown aside as embarrassing, and a 
more general and scientific nomenclature introduced. 
Until this is done, however, we must necessarily use 
the words which have grown into general acceptation, 
and not let the mere verbal inconsistencies hinder us 
from learning the nature of the things more than can 
be helped. 

The three-fold division for the rocks of this period, 
which appears in Germany, is there described as fol- 
lows : — 

3. Xeuper, Marls and sandstones of green, red, and 
various colours, with beds of impure coal; 
having in some places a total thickness of 
1000 feet 
2. Muschelkalk, or shell limestone, a reddish-grey 
limestone, often very fossiliferous, and some- 
times 600 feet thick. 
1. Bunter (variegated) sandstone, red and white 
sandstone with thin marls, sometimes 1500 
feet thick. 
The Muschelkalk fossils are numerous and peculiar, 
often beautifully preserved, and many of them shewing 
characters intermediate between those of the preceding 
and subsequent periods. 

This is still more strikingly the case with the fossils 
of some other groups of beds found in and near to the 
Alps. There are great groups of beds of shale and 
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limestone, called the Werfen and Guttenstein beds, 
others known as Hallstadt and St. Cassian beds, and 
others again as Dachstein and Koessen beds, some of 
which abound with most remarkable organic remains 
having these intermediate forms. Their true order of 
succession, however, is as yet not completely established, 
and these, together with the Muschelkalk, are either 
very imperfectly or not at all represented among the 
deposits of the British Islands. 

The Kew Eed sandstone, as it appears in the centre 
of England, consists of the beds described in the follow- 
ing section. Fig. 48. This is a section across the Clent 
Hills, and part of "Worcestershire to the south of them. 
It happens that along the southern margin of the South 
Staffordshire coal-field there is no apparent unconformity 
between the Carboniferous and Permian rocks, and the 
discordance between the Permian and the New Eed 
sandstone is only perceptible when the country is care- 
fully mapped. The lower beds of the New Eed, which 
are believed to correspond with the Banter Sandstein 
of Grermany, consist of brick-red sandstones and con- 
glomerates or pebble beds, which, like all other con- 
glomerates, vary in different places in their thickness 
and disposition. The upper part, which is identified 
with the Keuper of Germany, has a band of whitish 
sandstone about its base, the remainder consisting of 
thick red and mottled marls, which contain some beds 
of gypsum, and very frequent veins and strings of that 
mineral, and also the great beds of rock-salt so well 
known and long worked in different parts of England. 
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In theWorcestershire salt district, of which Droitwich 
is the centre, the salt is got from brine springs and wells, 
DO mines having been sunk into the solid rock-salt, 
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Pig. 48. 
Section of the Pennian and New Red Sandstone beds of North 

Worcestershire. 
OoUtic-i. Lias. 

h. Red marls, with rock-salt and gypsum 
Waterstones, white freestone with thin brown 
sandstone and marl 



(h. 



Feet 
500 



I 



Permian, jj l^PP**^' 
ib. Red marls 



200 
500 

300 
550 
450 
400 



/. Soft red and brown mottled sandstone 

6. Pebble beds, nneompacted conglomerate of 

qnartzose pebbles, varying from 150 to . 
,d Soft brick-red sandstones, varying from to . 

breccia 

marls and sandstones with comstones 
Carboniferous.— a. Coal-measures. 

fix)m the solution of which the brine undoubtedly 
springs. In the Cheshire salt district brine springs 
and wells are very numerous near Nantwich, but about 
Northwich the rock-salt is got by mining. It occurs 
there in two great beds, the uppermost of which is about 
80 feet and the lowest about 100 feet thick, with 30 
feet of indurated clay between them. Where brine 
springs are numerous, the surface of the ground often 
shews hollows caused by its sinking in over those spots 
from which the rock-salt has been removed by solution 
(See Mr, Ormerod^s paper oh the Cheshire Salt Dia- 
trict, a /. G, S. L.y vol 4). 
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The New Eed sandstone seems to be bnt partially 
and imperfectly developed in Scotland, but it is fdllj 
represented in the valley of the Laggan and Bel&st 
Lough in the North of Ireland, the Bunter sandstone 
being at least 600 feet thick, and covered by an equal 
thickness of red marl, containing near Carrickfergos two 
beds of rock-salt equal to those of Cheshire. Similar 
beds and veins of gypsum also occur in it, and it is in 
like manner capped by the basal beds of the lias (see 
section, Fig. 62). 

Fragments of fossil wood are not unfrequent in 
some parts of the New Eed sandstone of England, and 
fossil fish have been found in it ; but the most remark- 
able traces of organic life are tracks or footprints of 
animals which are beautifully preserved on the surface 
of some of the flagstones. These footprints seem to be 
always those of Reptiles ; some of them resemble the 
form of a very fat coarse hand, the thumb being dis- 
tinctly marked and turning away from the four fingers. 
At the Stourton quarries, near Liverpool, tracks 20 or 
30 feet long, shewing a regular succession of prints of 
two small hands and two large ones, were exposed about 
the year 1838. The quarrymen said they supposed 
they were the marks of " some one crawling away from 
the Deluge.'' Any one looking at the foot of a frog 
will at once be struck with its curious resemblance to 
the form of the human fiand ; and, as these tracks were 
evidently those of a four-footed animal, they are now 
universally attributed to some large amphibious crea- 
ture belonging to the same great class as the frogs. 
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The largest of the footprints is aboat 8 inches long, 
with a width of stride of about 14 inckoEU Bones and 
teeth also have been found in the Carbonif^toiu^ Per- 
mian, and "New Eed sandstone rocks, belonging to tai- 
mals that seem to have been great Amphibia, and £rom 
the curions internal structure of the teeth have been 
call^ Labyrinthodonta (labyrinth'toothecC), by Professor 
Owen. This order of Labyrinthodonta is not only 
extinct now, but seems to have become extinct at the 
close of the New Bed sandstone period, since neither 
teeth, bones, nor tracks that can be referred to it, occur 
in any subsequent deposit. 

There have been found in the State of Connecticut, 
in America, in red shales and sandstones that are 
believed to be somewhere about the age of the upper 
part of the l^ew Eed sandstone, other tracks which 
seem to have been the footprints of large birds, some of 
which are supposed by Dr. ELitchcock to have been 
four times the size of an Ostrich. 

It is important to note the range of the New Eed 
sandstone through England. Commencing at the mouth 
of the Tees on the borders of Durham and Yorkshire, 
it runs fix)m Stockton and Darlington due south by 
York to Nottingham. Erom Nottingham it spreads in 
the Midland .Counties, sweeps round the southern ter- 
mination of the Pennine chain, and extends through 
Cheshire between that chain and the hills of the Welsh 
border, and along the coast of Lancashire to St. Bees 
Head. From the Midland Counties, in which the New 
Eed sandstone plain is occasionally broken through by 
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islands of Palseozoic rocks, especially those of the 
Leicestershiie^ Warwickshire^ South Staffordshire, and 
Shropshire coal-fields, it runs in a narrower band down 
the valley of the Severn, and thence across Somerset 
to the mouth of the Exe in Devonshire. 

The Yale of Eden in Cumberland, that of the 
Clwyd in Denbighshire, and that of Belfast in Antrim, 
are outlying districts, each containing characteristic de- 
posits of the formation which are nearly hotizontal, 
while lulls of contorted Palaeozoic rocks rise up from 
beneath them on either hand. 

The richness and fertility of its soil, joined with 
its proximity to mines of coal and metal in the Palaeo- 
zoic rocks, make the New Eed sandstone one of the 
most populous parts of England; many of the chief 
manufacturmg towns standing upon it. 

If we draw a line on a geological map along its 
eastern boundary, from the mouth of the Tees to that 
of the Exe, all the country to the east of that line 
differs from that to the west and north of it, in ex- 
ternal features, in mineral resources, in the nature of 
the soil, in the occupations, the manners, and even the 
dialect of the inhabitants. Scotland, Ireland, Wales, 
and England, to the west and north of the boundary 
line, are irregular in outline, with varied mountains, 
hills, and plains, running in different directions. The 
rocks below the surface are even still more irregular 
than the external features, while over their highly in- 
clined and greatly eroded edges, the New Eed sand- 
stone lies in nearly horizontal layers throughout its area ; 
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and from the boundary line mentioned above, its level 
beds dip gently towards the east, forming a floor, as 
it were, on which the deposits of the Secondary and 
Tertiary Epochs rest, mostly with an equally gentle in- 
clination towards the east. The hills and ridges, and 
the intervening plains of this eastern district, run chiefly 
in long continuous lines, parallel to the New Eed sand- 
stone boundary. 

Neither coal mines nor mineral veins occur to the 
eastward of this boundary line, the only mining pro- 
cesses being those of open quarry work chiefly for 
building materials, though some important deposits of 
iron ore are now also worked by quarrying in this part 
of the country. 

It is to the country lying to the east and south of 
this boundary line that we now turn our attention. 



CHAPTEE XIX. 

OOLITIO OR JURASSIC PERIOD. 

The term oolitic refeis to the lithological structure of 
some of the limestones fonned duiing this period, in 
the district which is now the south of England. These 
axe', composed of oolite or roestone {see p. 78). It 
must not be supposed, however, that all the limestones 
of this period are oolitic, or that no limestone of any 
any other period is so. Large parts of the Carbonife- 
rous limestone of Ireland are as perfectly oolitic as 
the Bath stone, and I have seen the structure well 
developed in the recent limestone of a Coral ree£ 

The term Jurassic is used for the rocks of this 
period by the Continental geologists, because the well- 
known mountain range known as the Jura, which runs 
in a curve along the N.W, frontier of Switzerland, is 
composed of them. 

It will be sufficient for us to confine our attention 
to the British area, and the history to be learnt from 
it. If we were to follow the upper boundary of the 
New Eed sandstone mentioned in Chapter XYIII. 
as running through England from the coast of York- 
shire to that of Devon, we should always find that the 
red marls dipped to the east, and became covered in 
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tliat direction by some beds of grey shale or clay. This 
clay is the lower part of a group called the Lias, which 
stretches continuously across England from the cliffs 
of Whitby in Yorkshire, to those of Lyme Eegis on the 
coast of Dorsetshire. Its beds dip gently to the east, 
and become covered in that direction by sandstones and 
oolitic limestones. 

One of the best districts for studying these beds is 
that which lies about Cheltenham, and between it and 
Bath, where the rocks which lie above the Lias form 
high ground, part of which is known as the Cotteswold 
Hills. This ground rises slowly from the east until it 
attains an altitude of about 600 or 800 feet above the 
sea, and then suddenly terminates in a bold escarp- 
ment sloping abruptly to the west, aud looking down 
upon the broad valley of the Severn. This escarp- 
ment is deeply indented by small narrow branching 
valleys which penetrate it from the west, while bold 
capes and promontories and outlying hills advance from 
it towards the west into the region of the low land.* 
As the different beds of rock dip eastward at a very 
low angle — ^but little steeper, indeed, than the inclina- 
tion of the ground on the long eastern slope of the 
hills— it follows that these numerous valleys on the one 

* The brooks which issue out of these valleys into the low 
lands on the west form tributaries to the Severn, but those 
formed by the waters on the summits of the hills naturally tend 
to run down the long eastern slope, and are tributaries of the 
Thames. What is called the source of the latter river is shewn 
in a spring on the back of the Cotteswolds, a few miles south of 
Cheltenham. 
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hand, and the outlying hills on the other, must aflPord 
in their sides excellent opportunities for tracing the 
different beds and comparing their outcrops at different 
places, and thus getting a perfect knowledge of their 
composition, their extent, their order of superposition, 
and the fossils and minerals which they may contain. 

It was in fact in this very district that the know- 
ledge of true stratigraphical geology, in England, was 
commenced by the labours of the late Dr. William 
Smith, so that it must always be considered classic 
ground by the English geologist. 

Combining the knowledge acquired from the exa- 
mination of the structure of Gloucestershire, and parts 
of the adjacent counties of Oxford and Worcester, we 
are enabled to condense it into the following diagram- 
matic form (Fig. 49), which represents the different 
groups of rocks in their natural order of occurrence, 
with the maximum thickness which each attains as it 
is traced through the district. It is obvious that it is 
right to take, in aU cases, the maximum thickness of 
a group as that which is likely to give us the most 
complete account of the history of its formation. It 
is there where the greatest number of records were 
deposited, or where they have been best preserved. 

Fiach of these groups is liable to variation in its 
nature and thickness, and each may altogether die out 
and disappear in different directions, and be replaced 
perhaps by some other set of beds of a different cha- 
racter. For this reason, among others, it is generally 
advisable to unite those that have certain characters 
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in common into larger groups under some common de- 
signation, which they may retain independently of the 
variation of their several members. 




Fig. 49. 
Diagrammatic Section of the Gloucestershire Oolites. 

Feet. Feet. 

*. Coral rag - - - 60 e. Inferior Oolite - - 236 
j. Oxford clay - - 600 d. Upper Lias sand and shale 300 
i. Combrash - - - 50 c. Marlstone - - - 200 
h. Forest Marble - - 40 ft. Lower Lias shale - - 600 
jr. Great Oolite - - 200 a. Red Marls (being the upper 
/. Fuller's Earth - - 60 part of the New Red sand- 

stone). 

' The Lias. — ^The groups h, c, d, are thus united as 
"The Lias," which is essentially a great clay deposit, with 
occasional bands of argillaceous limestone (good for hy- 
draulic lime) near the base, and some hard sandy rock 
called the Marlstone near the middle, Near Bath the 
Upper Lias shale dies out, and there is no clay be- 
tween the Marlstone and the Inferior Oolite, the in- 
termediate sands being supposed by some persons to 
belong to the Oolites above, while by others they are 
classed with the Lias below. The Lias probably 
retains an average thickness of at least 500 feet all 
across England. 

Lower or Bath Oolites, — The groups e, /, ^, h, and 
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i, are in like manner to be classed together as the 
Lower or Bath Oolites, characterised over a certain area 
by the occurrence of oolitic or shelly or flaggy lime- 
stones, separated by variable bands of clay and sand. 
The group e, or Inferior Oolite, which contains the 
Pea grit and beds called Eagstone and Freestone near 
Cheltenham, dies out towards Oxford and disappears. 
The group / or Fuller's earth, a series of clays and 
marls, does not extend nearly so far, but disappears 
within the Gloucestershire area, and allows the Great 
Oolite to rest directly on the Inferior Oolite. The 
Great Oolite, from which the well-known "Bath stone" 
is derived, spreads apparently over a wider area. The 
flags known as " Stonesfield slate" in Oxfordshire, and 
" Colly weston slate" in Northamptonshire, belong, as is 
believed, to its lower part ; and good freestone for build- 
ing is got from what is supposed to be the same group, 
both in Somerset to the south, and Lincolnshire on the 
north. The little group h is called the Forest Marble, 
from Wychwood Forest in Oxfordshire. In the neigh- 
bourhood of Bradford, there is a clay about this parallel 
which is in some places 40 feet thick, formerly cele- 
brated for some beautiful fossils got in it. The Corn- 
brash, a local name given to the group i, seems thin 
and insignificant, but it appears to have a wider range 
than any of the others, for it is beheved to spread 
through Yorkshire, in which district the beds between 
it and the lias are altogether different from those in 
the south-west of England. In Yorkshire, these beds 
form a series of sands and clays, with beds of impure 
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coal, haymg a total thickness of some 700 feet They 
resemble the Coal-measures of the Carboniferous 
period, and might in fact be called the Oolitic Coal- 
measures, and form just as good an instance of the 
lateral change that may take place in a series of beds 
as that of the Carboniferous Limestone of England, 
passing into the Lower Coal-measures of Scotland to- 
wards the north, and into the Carboniferous Slate of 
Devon towards the south. 

Middle or Oxford Oolites, — ^The groups^ and k, the 
Oxford Clay and the Coral Eag, are in like maimer 
classed together as the Oxford or Middle Oolites. The 
Oxford Clay is a dark-grey clay deposit, which re- 
tains its character and thickness more or less completely 
all across England ; it has in some places a band of 
hard stone in its lower part, called Kelloway rock, from 
a place in Wiltshire. The Coral Eag, on the other 
hand, is a variable and capricious band of sands and 
coarse limestones, which in some places abound in fossil 
corals, mostly in the position of growth. 

Upper or Portland Oolites, — ^The Oxford Clay and 
the Coral Rag, when traced into Dorsetshire and the 
headlands of Portland and Purbeck, are found to be 
there covered by other beds, as shewn in the diagram 
given in Fig. 50. The Kimmeridge Clay is a dark-grey 
shaly clay, with layers of sand, and sometimes thin 
impure coals ; it is named from Kimmeridge Bay, on 
the coast of Dorsetshire, where it is well seen, and it 
may be followed thence into Buckinghamshire, north 
of which it seems to die out or become so excessively 



26i MESbZOIO OR SECONDARY EPOCH. 

thin as scarcely to be recognised. The Portland Sands 
rest on the Kimmeridge Clay, and may be traced as far 
North as Shotover Hill, near Oxford. In the Isle of 




Fig. 60. 
Diagrammatic section of Dorsetshire Oolites. 

Feet. Feet. 

Wealden sands and clays . 1400 c Kimmeridge clay . . S50 

e. Purbeck beds] . . . 196 h. Coral rag . . . 300 

d. Portland stone and sands j 250 a. Oxfoord clay . . . 600 

Portland they are covered by the Oolitic Limestone, 
well known as an excellent building stone under the 
name of the Portland stone. The Purbeck beds consist 
of shelly limestones with some shales and some remark- 
able beds of " soil," called " dirt beds" by the quarry- 
men. These are to be seen a little above the top of 
the Portland stone in the isles of Purbeck and Port- 
land. Neither the Portland stone, however, nor the 
Purbeck beds above it, are known to exist north of 
Dorsetshire. 

It is remarkable that while the fossil shells found 
in the Portland stone, and all the beds below it, down 
to the New Eed sandstone, are almost entirely marine 
shells, those of the Purbeck beds are either fresh- water 
or estuary forms. 

The following table will shew this classification of 
the Oolitic series, with the average maximum thickness 
that may be assigned to the several groups : — 
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O 

'J 

•fi o 



M 

H 



Feet ■ Feet. 

Oolites ... 900 
Oolites . . . 800 I 8. Oxford clay . . 600 



T^ TT -n _xi J f 12. Purbeckbeds . 150 

i). Upper or Portland \ ,^ t^ ., ,, , ,*,« 

^^ j 11. Portland beds . 170 

( 10. Kimmeridge clay 600 

C. Middle or Oxford ( 9. Coral rag . . 180 



B. Lower or Bath 

Oolites ... 600 



80 



7. Cornbrash and 
Forest marble 

6. Great Oolite . 130 

5. Fuller's earth . 130 

4. Inferior Oolite 230 

3. Upper Lias . 300 

A. The Lias ... 900 ^ 2. Marlstone . . 200 

1. Lower Lias . 600 



Fossils of the Oolites. — ^The rocks now described are 
all full of fossils. Many fragments of Plants are found 
in them, some of "which have a general resemblance to 
those found in the Carboniferous series, although none 
are absolutely identical with them. Several of the 
genera of plants found in the Carboniferous rocks, how- 
ever, are not found in the Oolitic, while other genera* 
are found in the Oolites which are not found in any 
earlier deposit, but are more like plants that now exist 
in some part or other of the globe. The animal fossils 
are not only more numerous than the Plants, but much 
better preserved. Corals, shells of all kinds of Mol- 
lusca, Echinodermata (starfishes, sea lilies, and urchins), 
Crustacea (crab, lobster, and shrimp class), Annelida 
(worm class), Insects, Fish, Eeptiles, and Mammals 
(animals that suckle their young) — all these and almost 
every other class of the Animal Kingdom that had any 
bard parts capable of preservation have representatives 
among the fossils of the Oolites. 
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These remains are of great interest, both in them- 
selves as additions to the existing Animal Kingdom, 
and also when compared with the other extinct races 
in the rocks below and above them. Looking at the 
preceding table, we may say, in the first place, that with 
very few exceptions the whole assemblage of fossils found 
in the Oolitic series is peculiar to that formation. Not a 
single species found in any earlier deposit in the British 
islands has ever been found in the Oolites. All the pre- 
ceding species, then, must have died out and become 
extinct before the commencement of the Oolitic period. 
Very few, indeed, of the species which are abundant in 
the Oolitic series, none of those found in the lower or 
earlier members of it, have ever been found in any later 
deposit, so that almost all the species living during the 
Oolitic period died out and became extinct before the 
commencement of the next or Cretaceous period. 

If we look to those groups of species which are 
called genera, we find that many of these which existed 
in the preceding periods, such as Producta among Bra- 
chiopodous bivalves, Orthoceras and Goniatite among 
Cephalopodous univalves, were also extinct before the 
commencement of this period. Other genera which 
were the contemporaries of these, such as Spirifera 
among the Brachiopoda, still survived, but the species 
of Spiriferae found in the Oolitic rocks are manifestly 
different from those in any preceding deposit, and even 
those are only found in the earlier or lower parts of the 
Oolitic series, so that they died out, in our area at least, 
soon after the commencement of the period. 

Other genera, which have never been found in the 
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Britisli islands in any earlier deposit, such as Ammon- 
ites and Belemnites among CephalopodoiLS shells, many 
ordinary bivalve and nnivalve shells, and many of a 
higher class of animals, appear now to have first come 
into existence. Most of these survived as genera into 
succeeding periods, and many even to the present day — 
species after species having successively appeared and 
died out during the intervening time. Among bivalve 
shells the genera Corbis, Isocardia, lima, Pholas, and 
Trigonia, may be mentioned; among univalves the 
genera Cerithium, Murex, and Solarium ; while the rep- 
tile genera Chelone (Tortoises or Turtles), Trionyx (Soft- 
tortoises), and Lacerta (Lizards), might also perhaps be 
given as instances. 

Many large reptiles, however, lived during this 
period, of which not only the species and the genus, 
but even the order, are not only extinct now, but were 
so at the commencement of the Tertiary Epoch. 

There was a huge land reptile called the Megalo- 

saurus {great saurua*), which, from the size of its 

fossil bones, must have been sometimes as' much as 

30 feet in length, and must have had other large land 

animals to prey upon if we judge from its large backward 

curved serrated teeth, which seem like a combination of 

knife, saw, and sabre, intended to hold a struggling prey 

as well as to tear it and cut it. 

* Saura or Sauros is the Greek word for a lizard, but it is 
used by naturalists to denote not only real lizards, but all the 
lizard-like reptiles, including alligators and crocodiles, so that 
always to translate it by ** lizard" would lead to misconception, 
unless we include the crocodiles, etc., under that term. 
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There were also several kinds of great marine carni- 
vorous reptiles, that were obviously intended to pass 
their lives in the sea almost as entirely as the exist- 
ing marine mammalia, the Porpoises and Whales. In 
these the legs and paws are shrunk up, as in the 
Whales, and enclosed in a mitten-like skin, so as to 
make a flipper or paddle instead of a leg and foot. 

One genus of these reptiles is called the Ichthyosaurus 
{fish saurus). These must have resembled a Grampus in 
shape, but had hind-flippers as well as fore, while the 
whale tribe (Cetacea) have only fore flippers. They 
had also a tail-fin like the Whales, but, unlike them, it 
seems to have been a vertical one as in fish, while the 
whale animals have theirs horizontal. Thick and strong 
about the shoulders, with scarcely any neck, but taper- 
ing in each direction, the Ichthyosaurus must have been 
well adapted to cleave the waters of the ocean, while 
his large eye would enable him to discern his prey or 
his enemy even in deep water. His eyeball was sur- 
rounded by a circle of bony plates that probably acted 
not only as a defence to the organ, but, like those in 
the eyes of birds of prey, to assist in giving a varied 
range of vision. The whole pointed muzzle, from the 
eye to the snout, opened with a great gaping mouth 
armed with a thick row of round conical teeth set in 
a jaw of numerous long bones " fished" together, so as 
to combine strength and flexibility, every tooth having 
the germ of another beneath it, always ready to grow 
into its place when it was worn out or broken. Many 
whole skeletons of small Ichthyosauri have been dug 
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out of the Lias shales "with the bones scarcely moved 
from their places, and in some even the marks of the 
skin preserved on the surface of the rock. Judging 
from these and the relative size of other single bones or 
detached parts of skeletons, some of the Ichthyosauri 
must have been 30 feet long. There were, however, 
many species of them — as many as thirty, according to 
Professor Owen, having been found in the rocks of this 
period and the next. 

The Plesiosaurus (near a lizard) was like the Ich- 
thyosaurus, so far as lus flippers or paddles and the 
other main points of his structure are concerned, but 
his body and head were comparatively small, while his 
neck was excessively long, having no fewer than thirty- 
three vertebrae. The tail was much shorter than that 
of the Ichthyosaurus, and the paddles longer and nar- 
rower. He was obviously not so powerful a swimmer 
as the other, but probably lurked in more shallow seas, 
and seized his prey by darting forward his head by 
means of his long flexible neck. More than twenty 
species existed during the Oolitic and Cretaceous 
periods. 

There are many other genera of reptiles in the 
Oolitic rocks, some of them more like our Crocodiles, 
others resembling our Tortoises or Turtles ; but the 
most extraordinary of all is the flying reptile called the 
Pterodactyle. 

The Pterodactylus (wing-Jinger) was a true Saurian 
with long jaws and sharp teeth, but was enabled like 
the Bats to flit through the air by means of an exten- 
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sion of the skin spieading from the fore to the hind 1^ 
on each side. In the Bats, however, the whole of the 
digits of the fore-paw are greatly elongated for the 
reception of the web or skin, while in the Pterodactyles 
the joints of the fifth digit only (answering to the little 
finger in our own hands) were thus elongated. The 
Pterodactyles found in the Oolitic rocks seem to have 
varied in size from that of a snipe to that of a cormo- 
rant, but those found in some of the Cretaceous series, 
near Cambridge, were very much larger. It thus ap- 
pears that even the flying dragons of romance have had 
something like a real existence in former ages of the 
world. 

No bones of Birds have yet been reported from any 
of the Oolitic series in England. The occurrence of 
the bones of an animal having such facile powers of 
locomotion, and of which even the dead body floats, 
must always be rare. There was lately discovered, 
however, in the lithographic shales of Solenhofen in 
Bavaria, which are so rich in organic remains, a fossil 
that was at first believed to have been a feathered 
reptile, from its possessing a long tail with twenty 
caudal vertebrae, surrounded with distinct impressions 
of plume-like feathers. Wagner and Professor Owen, 
however, have shewn that it has so much of the bird 
character in its structure, that, notwithstanding the 
reptile-like tail, it was probably a Bird. It was called 
by Wagner Archeopteryx {old bird!) macrurus {great 
tail). 

Mammalian remains have been found in the Stones- 
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field slate in Oxfordshire, and also in the Purbeck beds 
in the Island of Purbeck, where they were especially 
quarried for by Mr. Beckles. These Mammalia seem 
to have been chiefly small marsupial animals, either 
carnivorous, insectivorous, or phytophagous, like some of 
these now living in Australia and Tasmania; but one of 
them called Stereognathus Ooliticus (oolitic strong jaw) 
is believed by Professor Owen to have been possibly a 
hoofed herbivorous mammal of the higher or Placental 
sub-kingdom. 

It is a very curious £Eict that not only these marsu- 
pial animals but several of the shells — as for instance the 
Trigonias and even some of the plants, found fossil in 
the Oolitic rocks — ^much more nearly resemble those now 
living in Australia, than the living forms of any other 
part of the globe. This might be explained on the 
supposition that since the Oolitic period less change 
had taken place in Australia than elsewhere, and that 
the Australian Fauna and Flora consequently retained 
something of the Oolitic type, while it had been alto- 
gether supplanted and replaced in the rest of the globe. 
The general statements now given as to the fossils 
of the Oolitic series have an obvious interest, but closer 
examination will disclose facts still more remarkable. 
Not only is the total assemblage of fossils found in the 
Oolitic series quite distinct frpm that found in any 
other series, but even the several members of the series 
have each a distinct assemblage of fossils. 

Taking the greater divisions A, B, (7, Z>, of the 
table on p. 2^^, the majority of the lias fossils are 
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quite distinct from the majority of those in the Bath 
Oolites, and those again from the fossils of the Oxford 
Oolites, and those from the Portland fossils. A few 
species range from one division into the next, still fewer 
into a third, just sufi&cient to link them together and 
give them something in common. Their connection, 
however, is better marked by genera than by species, 
which means that many of the different species found 
in the different groups are, although distinct, yet so 
nearly allied as to make a genus, which is either pecu- 
liarly Oolitic, or is more abundantly represented in 
species and individuals in the Oolitic rocks than else- 
where. But not only are these greater divisions 
characterized by containing peculiar fossils, but even 
their subdivisions have each a certain set of species 
which are only found in the one subdivision. Neither 
does this local distribution of species stop there, for 
many of these subdivisions may be again divided into 
smaller sets of beds confined within a smaller area, and 
these sets have also their peculiar species, which are, 
within that area, confined to the set, or, with respect 
to some of them, are not found anywhere else except 
in that little local bed or set of beds. 

It would take a large volume full of plates to give 
anything approaching to an adequate idea of the charac- 
teristic fossils of the different groups of the Oolitic 
series, but in the following figures a few examples of 
them are given. 

Those in figures 51 and 52 are liassic fossils. Otop- 
teris obtusa (the obtuse ear-fern) is a part of the frond 
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of a fern. Extracrinns Briareus (the Briarean extra- 
lily) was one of the Crinoid or sea-lily family of the 
Echinodennata, the head of which, as shewn in the 




a. Otopteris obtusa. 
h. Extracrinns Briarens. 
c. Ophioderma Egertonl 



d. Spirifera Walcottii. 

e. Terebratula nnmismalis. 
/. Bbynchonellarimosa. 



figure, consisted of a cluster of branches fringed with 
filaments not unlike a Comatula {pi feather-star) of the 
present day set on a five-sided jointed stem that was also 

T 
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fringed. They are very beautiful fossils, often occurring 
in clusters converted into iron pyrites, and looking like 
the most delicate bronze "work. Ophioderma Egertoni 
(Sir P. Egerton^s 5?iaA;e-sHw) belonged to another branch 
of the Echinodermata, and very nearly resembles an 
Ophiura (or brittle star) of our own seas. The Spirifera 
Walcottii {Walcotfs spirebearer) was a brachiopodous 
bivalve, one of the last surviving members of a genus 
that was so numerous during the Carboniferous period. 
Terebratula numismalis (the money-like terebratula) and 
the Ehynchonella rimosa (^gaping rhyn.) are other extinct 
species of the same great class belonging to genera which 
still exist as genera at the present day. 

The Avicula decussata {the cross-cut little bird), the 
Gryphaea incurva {incurved griffin-nose), and the Hip- 
popodium ponderosum {heavy horse-hoof), are bivalves 
of the ordinary or conchiferous class, the Gryphaea 
incurva being especially abundant in the Lias, and 
almost absolutely confined to it. The Pleurotqmaria 
Anglica {English side-cut) is a gasteropodous univalve 
like the living Pleurotoma, which difiers from a Turbo 
chiefly in having a deep slit running from the mouth 
some distance along the side of the shell. Belemnites 
elongatus {lengthened thunderbolt) was part of the in- 
ternal apparatus of a Cephalopod, like the existing 
Cuttle fishes, the lower part of it resembling in structure 
what is called the Cuttle fish bone, only of a round 
conical shape, while the upper part was hollow and 
divided into chambers and had a pearly sheath or cup 
proceeding from it, which enclosed the ink bag of 
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the animaL These ink bags are sometimes found per- 
fectly preserved, containing fossil sepia, with which 
drawings can be made of as rich a tint as with the re- 




a. Avicula decnssata. 

h. Grypheea incurva. 

c. Hippopodium ponderosum. 



d. Pleurotomaria Anglica. 

e. Belemnites elongatus. 
/. Ammonites communiB. 



cent colour called sepia, after the kind of cuttle fish 
from whose ink bag it is derived. Some beds of Lias 
are completely paved with Belemnites. Ammonites 
communis (common ammonite^ from the ram's horn on 
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the head of Jupiter Ammon) is a shell belonging to 
another branch of the Cephalopoda, that to which the 
pearly Nautilus belongs. The shell is chambered like 
the Nautilus, but the septa or divisions between the 
chambers, instead of being plain like saucers, are vari- 
ously indented and frilled at the edges, and the siphuncle 
or tube connecting them runs down the back of the 
shell instead of down the centre. These Ammonites 
are wonderfully numerous in the Oolitic and Cretace- 
ous rocks, no fewer than about 600 species having been 
noted, while the individuals are sometimes so abundant 
as to make up the mass of the beds. They vary in size 
from that of a pin's head to that of a cart wheel. 

The next group, Fig. 53, is from the Cornbrash 
and Forest Marble. Acrosalenia hemicidaroides {Hump 
salenia, like a half cidaris) is one of that order of 
Echinodermata which is still abundant on the earth, 
and commonly known as Sea Urchins, Apiocrinus 
Parkinsoni {Parkinson* s pear lily), on the other hand, 
belongs to the Crinoidea or Stone lilies, which are now 
almost entirely extinct, although in former ages more 
abundant than the Echinidea. Its form maybe compared 
with the other examples of the order given in Figs. 36, 45, 
and 51. Fig. 53 c is another species of Brachiopod, Figs, 
53 d, e, and / are Conchifers, and Fig. 53 ^, the disc 
Ammonite, is an example of a form externally very 
different from that previously given, although the main 
points of its internal structure are the same. The 
figure representing the shell viewed edgeways shews 
the pits along the margin caused by the indentation of 
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the septa of the chambers, and also the siphuncle in 
the upper peak of the shell. 




Fig. 58. 
Combrash and Forest Marble Fossils. 



a. AcTOsalenia hemicidaroides. 
h. Apiocrinus Parkinsoni. 

c. Terebratula intermedia. 

d. Gresslya peregrina. 



e. Myacites decurtata. 
/ Pholadomya lyrata. 
g. Ammonites discus. 



In Fig. 64 we have two other species of Ammonites 
remarkably different from those given before and from 
each other, Fig. d shewing the curious shelly processes 
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on each side of the mouth of the shell which are found 
when it is perfectly preserved. It is obvious that such 
fragile parts could only be preserved in fine clay. Some 




Fig. 54. 
Oxford Clay FobsUs. 
a. Gryplisea dilatata. e. Ammonites excayatus. 

6. Anatina undulata. / Belemnites hastatus. 

c Alaria oomposita. g. Leptolepis macrophthalmus. 

d. Ammonites Jason. 

of the specimens from these clays retain even the 
iridescent colours of the shells, which are almost as thin 
and delicate as tissue paper. The spear point Belem- 
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nite, figured at /, is obviously different in shape and 
proportion from that in Fig. 52, and the dilated Gryphaea 
from the incurved one shewn in Fig. 53. This dilated 
species is almost as abundant in, and characteristic of, 
the Oxford Clay, as the other is of the Lias. The fossil 
fish figured at g and called Leptolepis {slender scale) 
macrophthalmus (big eye) may be compared with the 
fossil fishes shewn at Fig. 47, p. 245. 

The following group of figures of fossils is introduced 
rather with a view to contrast than comparison. The 
beds were formed in fresh water, and the fossils are all 
either of land or fresh- water origin. The Cycadeoidea 
microphylla (small leaved Cycas-like) is the stool 
of a plant which, like the Cycas and Zamia of the 
present day, had long stalks and leaves branching 
from the scars on a short stump. These bodies 
are found in the Dirt-beds of the Purbeck group, 
and called crows* nests by the quarrymen. The 
Cyrena elongata was a fresh-water or swamp shell. 
The Archaeoniscus Edwardsi (Edwards* ancient wood- 
louse) is a part of an insect resembling the existing 
wood-louse, and Fig. d is part of the elytron or wing 
shield of a beetle. Fig. e shews another fossil fish,/ 
is a tooth of a crocodilian reptile, the name of which 
signifies the thick-toothed angle-scahy while the Pleu- 
rosternon ovatum (ths ovate ribchest) is obviously the 
shield of a Chelonian reptile which was, according to 
Professor Owen, most probably a large pond turtle 
(Monograph in Paloeontogr, Soc.) 

But the limitation of peculiar species to certain beds 
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is not confined to mere shells, .corals, and ecbinoderms ; 
the different species of fish, and reptiles, and mammalia 
are similarly limited, and indeed are even more closely 







y^ 
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Pig. 65. 
Parbeck Fossils. 
a. Cfyoadeoidea miorophylla. e. Aspidorhynchns Fisheri. 

h. Cyrena elongata. / Ooniopholis crassidens. 

& Archseonisous EdwardsL g. Pleorosternon ovatum. 

d. Bupreston stygnus (elytron). 

restricted than the lower classes. A whole genus of 
animals called Pliosaums, allied to the Plesiosaurus, hut 
differing from it in the form of the teeth and cervical 
yertehrae, is almost peculiar to the Kimmeridge Clay, 
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several species having been found in that group, one 
of them apparently 40 feet in length. The Mammalia 
of the Stonesfield slate are also entirely distinct &om 
those of the Purbeck beds. 

The main groups of the Oolitic series, as thus de- 
scribed, may be traced through France into Switzerland, 
with a singular persistence in their lithological and 
palseontological characters. They also enter largely 
into the structure of the Alps, but are there altered into 
clay-slates with transverse cleavage, anc^into mica-schist 
and gneiss and metamorphic limestone called Alpen- 
kalk, which are precisely like many of the much older 
gneiss and mica-schists and metamorphic limestones of 
our own islands and Scandinavia, all trace of organic 
remains being often entirely gone. 



CHAPTEE XX. 

CRETACEOUS PERIOD. 

Turning back to Fig. 60, at p. 26i, we see that the 
Purbeck beds pass under a considerable thickness of 
sands and clays called the Wealden beds. This suc- 
cession may be observed in the Isle of Purbeck, either 
in Swanage Bay on the east side, or between Kimmer- 
idge Bay and Purbeck Bill on the west side of it. The 
beds here dip towards the north, and a considerable 
series of sands and clays come in one over another as 
we proceed in that direction, all fiually plunging beneath 
a great mass of Chalk. This Chalk forms a prominent 
ridge striking due east and west, and terminating east- 
wards in a bold headland south of Studland Bay. Cross- 
ing, in the line of this ridge, to the Isle of Wight, we 
find a similar ridge of Chalk running through the 
middle of that island, making the headland of the 
Needles on the west and that of Culver Cliffs on the 
east. This Chalk also dips at a high angle to the 
north, and from underneath its lower beds the same 
series of sands and clays rise towards the south that 
appear south of the Chalk in the Isle of Purbeck. In 
both instances, after many beds have cropped to the 
south, the angle of inclination lessens, and the beds 
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begin to flatten towards the south. In the Isle of Pur- 
beck this does not take place until the Kimmeridge Clay 
reaches the surface. In the Isle of Wight it takes place 
sooner, and the series above the Purbeck beds is pro- 
bably thicker, so that none of the beds below the 
Wealden make their appearance. 



/ 

I,.' • ' ■ I / / ^ 

y & a c 6 

Fig. 66. 
Section through Shalcomhe Down, on the west coast of the Isle of Wight. 

h. London clay 1 Tertiary rocks. ^ . 

g. Plastic clay ) . Feet. 

/ Chalk with flints 500 

e: Chalk without flints 1000 

d. Upper Greensand 100 

c Gault 120 

h. Lower Greensand 800 

a. Wealden beds, exposed to a depth of - - - 400 

The section in Fig. 56 is a rough representation of 
the position of the series of beds on the west side of the 
Isle of Wight, the thickness assigned to the beds in the 
table being taken from the detailed sections and publi- 
cations of the Geological Survey. 

If, instead of following the Chalk ridge from the 
Isle of Purbeck into the Isle of Wight, we traced it 
back to Dorchester, we should find it turning off thence 
towards the north-east up to Salisbury, and there ex- 
panding into the great undulating table land called 
Salisbury Plain. To the northward of this the Chalk 
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almost disappears in the valley of the Kennet, where it 
has heen greatly eroded and is much concealed hy beds 
above it. It becomes prominent again on the north 
side of this valley about Marlborough, and from that 
forms a continuous ridge of high swelling downs through 
Berkshire, Buckingham, and Hertford, the south of 
Cambridgeshire, and the borders of Suffolk and Nor- 
folk, up to the great inlet of the Wash. Crossing this 
we find the Chalk ridge again in Lincolnshire, running 
about north by west to the Humber, and crossing that 
estuary, we find it again in Yorkshire, where it makes 
the hills known as the Wolds, and terminates in the 
white broken cliffs of Flamborough Head. 

This line of the Chalk escarpment, from Dorchester 
to the Yorkshire Wolds, runs parallel to the upper 
boundary of the New Eed sandstone, mentioned in 
Chapter XVIII., and to the intervening ridge of the 
Oolites, the two ridges and the flats on each side of 
them forming persistent features- all across England, 
from south-west to north-east, except for a small space 
north of the Humber, where the Chalk overlaps the 
OoHtic ridge and spreads across the upper beds so as to 
rest upon the lias. A similar and even greater over- 
lap of the Chalk, and the Greensands below it, may 
also be observed in Dorsetshire, where they spread to- 
wards the west over the whole Oolitic series, and rest 
directly on the New Eed sandstone. 

The Chalk escarpment runs directly into the sea at 
Flamborough Head ; but on the coast of Dorsetshire, 
just before reaching the sea, it is suddenly deflected 
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towards the east with a high northern dip and an east 
and west strike through the Isle of Purbeck and the 
Isle of Wight, as before described, running here almost 
at right angles to its main direction across England. If 
we return to the great expansion of the Chalk in Salis- 
bury Plain, and follow that towards the east, we find 
that this expansion also forms an escarpment, but facing 
the east, near Alton and Petersfield, and that the very 
same sands and clays which rise from underneath the 
Chalk in the Isles of Wight and Purbeck also rise to 
the surface on the borders of Hampshire, Surrey, and 
Sussex, and spread through Sussex and Kent to the 
coast about Hastings, Eye, and Folkestone. 

The reappearance of these lower beds is due to the 
action of an anticlinal elevation over an east and west 
axis, which would have caused Salisbury Plain to have 
been continued towards the east as a broad ridge of 
Chalk, if it had not been for the erosion and removal of 
a large part of the upper beds about the summit of the 
ridge. The piers or abutments of this arched ridge are 
still left in two long east and west lines of Chalk, the 
beds of which dip north and south respectively, while 
their ruined edges or escarpments face towards each 
other. The one forms the line of the South Downs, 
running from near Petersfield to Beachy Head, the 
beds of which dip south towards the English Channel ; 
the other forms the ridge called the North Downs, 
running past Famham, Guildford, and Reigate, and ter- 
minating about Dover and Deal, its beds dipping to 
the north beneath the valley of the Thames. 
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The line of the London and Brighton railway cuts 
directly across this eroded anticlinal arch, the lowest 
beds reaching the surface between Worth and Cuck- 
field, and being covered by the higher ones in each 
direction as they dip north and south from the centre 
or axis of the curve. Visiting first the Chalk bills 
north of Eeigate, and then those 30 miles south of 
them, about Steyning and Lewes, or traversing the 50 
miles that intervene between Beachy Head and Folke- 
stone, and uniting in imagination the two escarpments 
that face towards each other by the sheets of Chalk 
that once spread between them, we get some idea of 
the magnitude of the erosive action that has removed 
such enormous masses of material Great however as 
are the elevation and denudation that have been here 
eflFected, they really sink into insignificance compared 
with those that have acted on the Palaeozoic rocks of 
the British Islands, the whole mass of which shews proof 
of greater disturbance and much more extensive de- 
nudation, the parts of them left in the ground being 
but the dislocated and ruined foundations of the great 
original formations. 

That part of the counties of Sussex and Kent which 
lies between the Chalk ridges of the North and South 
Downs, was formerly known as the Weald,* and hence 
the beds which now rise up to the surface over so large 
a part of it are known as the Wealden beds. These 
Wealden beds used to be grouped into two sets, the 

* Weald or Wold means a wood, a forest, or wild unculti- 
vated land, like the German " Wald." 
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Hastings Sand below, and the Weald Clay above, with 
some beds called Ashbumham beds below the Hastings 
Sand, which were probably equivalent to the Piirbeck 
beds. The Wealden beds do in fact consist of a number 
of sets of sands and clays, with some bands of limestone, 
forming large partial cakes of deposit lying side by side 
and over each other, each thinning out from a point of 
maximum thickness until it dies away. They have re- 
ceived various names. Dr. Mantell speaking of Worth 
sands, Tilgate beds, Horsham beds ; Mr. Drew of the 
Ashdown sands, the Wadhurst clay containing bands of 
limestone and ironstone, the Tunbridge Wells sand, 
and the Weald clay with the Horsham stone. The 
bands of limestone consist of clusters of Paludina or 
shells of pond snails, and are spoken of as Petworth 
or Sussex marble. 

Although these beds attain an aggregate thickness 
of 1400 feet in the south-east comer of England, and 
have a respectable thickness near Boulogne, they have 
yet only a local character, never shewing themselves 
from underneath the main Chalk escarpment about 
Dorchester or Marlborough, nor in any other part of 
its range across England. If it had not been for the 
local elevation and denudation of the Chalk, then, 
in the Wealden district, we should have known little 
of these beds. This local character, and the patchy 
nature of the several parts of it, taken together 
with the exclusively fresh-water or terrestrial origin 
of all the fossils it contains, induces the belief that 
the Wealden formation was nothing but a great delta 
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formed at the moutli of some large river, wluch brought 
down the sweepings of a great land. 

Fresh- water shells, both univalve and bivalve, ar6 
abundant in some parts of the beds, together with stems 
and leaves of plants, and masses of fossil wood like drift 
wood. The most remarkable fossils, however, are the 
bones of large land saurian reptiles, first brought into 
notice by Dr. MantelL The Hyleeosaurus {Forest or 
Weald saurus) and Iguanodon (Iguana-tooth) were 
huge herbivorous reptiles 20 or 30 feet long, the latter 
having teeth resembling those of the Iguana or tree 
lizard, now living in tropical America. Their probable 
forms have become familiar to us from Mr. Waterhouse 
Hawkins's restorations in the garden of the Crystal 
Palace. 

Lower Greensand. — In the Isle of Wight and in the 
Wealden country, the Weald clay passes underneath 
some thick sands, sometimes forming a calcareous grit 
called Kentish rag, sometimes containing beds of clay 
and Fuller's earth. The sands are often brown or red- 
dish, and contain so much iron that they used to be 
called Iron Sands, and parts of them were formerly 
used as iron ore. They have received the name of 
Greensand from the occurrence of numerous small 
green grains composed of the silicate of protoxide of 
iron, which, according to Dr. Carpenter, have been in- 
filtrated into the hollows of minute Foraminifera, and 
left when the shells decayed. Where the other grains 
of sand are white, these green specks give a greenish 
hue to the mass, but where the rest of the sand is. 
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coloured brown, the green specks are only perceptible 
on close inspection. 

The thickness of the group at Atherfield, in the 
Isle of Wight, is 840 feet, it occurs over all the space 
occupied by the Wealden beds, but spreads much 
farther than they do, being found a little to the west 
of the main Chalk escarpment from Wiltshire to the 
Humber, though it is not known to the south-west of 
the first nor to the north of the latter. 

The fossils of the Lower Greensand are wholly ma- 
rine, most of them being quite peculiar to it. It ap- 
pears then that after the formation of the fresh-water 
Wealden beds, the whole neighbourhood must have 
been depressed beneath the sea, the waters of which 
spread over the land and its river mouth, and buried 
the deposits of the latter under thick and widely spread 
accumulations of its own. 

The Wealden and Lower Greensand beds taken 
together seem to be represented in Switzerland by a 
much larger and peculiar group of rocks called the 
Neocomian formation, from its. occurring round Neuf- 
chatel, and they are often grouped together by English 
geologists as the Lower Cretaceous rocks. 

The Gault and Upper Greensand. — Above the 
Lower Greensand, almost wherever it occurs, a band 
of dark clay is found, known as the Gault, and over 
that some other sands, often very like the Lower 
Greensand, and therefore called the Upper Green- 
sand. Calcareous grits occur in this, known as Malm 
rock or Firestone, and also concretionary nodules, 
u 
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which are of coprolitic origin, the fossil dung of marine 
reptiles and fish, and are therefore valuable for manure 
as containing phosphate of lime. ^NTeither the Gault 




a. Trochocyathus conulus. 
&. Inoceramus sulcatus. 

c. PlicatiUa pectinoides. 

d. Eostellaria earinata. 



e. Scalaria Gaultina, 
/ Bellerophina minuta. 
g. Ammonites splendens. 
h. Hamites atteuuatus. 



nor the Upper Greensand ever exceed 100 or 150 
feet in thickness, and are often found as a mere seam 
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of a foot or two. Each of them, however, contains a 
peculiar and often a rich assemblage of fossils. Those 
found in the Gault are often most beautifully preserved, 
even the most delicate shells retaining all their pearly- 
lustre and iridescent colours, such as are seen in the 
pearly interior of recent shells. 

The fossils in Fig. 57 are a few of those found in 
the Gault, Trochocyathus {trochus cup) conulus {little 
cone) is a coral. Inoceramus (Jibre shell) sulcatus (fur- 
rowed) and Plicatula (little fold) pectinoides (like a 
pecten) are conchiferous bivalves, the first belonging to 
an extinct genus, which did not survive the Cretaceous 
period, the latter being an extract species of au existing 
genus. Eostellaria (small beak) carinata (keeled), and 
Scalaria (a staircase) Gaultina (of the Gault), are both 
extinct species of still existing genera of gasteropodous 
univalves. Bellerophina (Bellerophon-like) minuta (the 
small) was possibly a shell of a pteropodous animal like 
the much larger Bellerophon of the Carboniferous 
period. Ammonites splendens is another species of the 
great extinct genus Ammonites, and Hamites {hook 
fossil) attenuatus (attenuated) belongs to another 
curious genus of the same extinct family, the' shell 
resembling an Ammonite in its internal structure, but, 
instead of being regularly coiled, merely bent into the 
form of a double hook. 

The Chalk, — Above the Upper Greensand we 
generally find some beds of marl of a greyish-white, 
sometimes speckled with green grains, and passing up- 
wards into a marly Chalk and then into pure Chalk. 
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The marly beds are called the Chalk Marl, and are 
-sometimes firm enough to be used as an interior build- 
ing stone. The Chalk itself, of which the range in Eng- 
land has already been described, has sometimes a thick- 
ness of not less than 1000 feet from top to bottom. The 
upper part of it abounds in flints, usually black inside 
and white out. These occur as concretionary lumps or 
nodules of all sizes, from that of a man's thumb up to 
one of a foot op two across, and of all kinds of fantastic 
shapes. These nodules generally lie parallel to the 
stratification, and flint also occurs sometimes in regular 
seams or layers at the bottoms of th« beds^ or some- 
times in vertical veins along the joints. The d^ffk in- 
terior is almost pure silica, the white coating being 
formed probably of silicate of lime. The silica has 
doubtless an organic origin as well as the lime, and 
separates itself from it in obedience to the law of 
chemical affinity, of which such frequent examples are 
met with in all rocks. Concretionary balls of iron 
pyrites, with a radiated internal structure, are often 
common in the Chalk. Near Norwich, in the boring of 
a well, flints were found in the Chalk for a depth of 
800 feet without passing through into the Chalk without 
flints. In a boring near Harwich they found — 

Feet. Feet. 
Chalk with flints .... 690) 
Chalk without flints . . . 160 >• 888 

Chalk, rocky, in thin layers . . 38) 

In a boTing near Kentish-town, London, they passed 
through the following beds : — 
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Feel 


J. 


London clay . 




236 





Woolwich and Reading series (Plas- 






tic clay . 




61 


6 


Thanet sands . 






27 





Chalk with flints . 






244 


6 


Chalk without flints 
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Chalk marl 






47 


6 


Upper Greensand . 






72 


6 


Gault . 






130 


6 



Feet- 






324 6 



W89 



In both these two latter cases, after passing through 
those beds, they came down into unknown rocks, pro- 
bably of PalaBozoic age, evidently passing an old surface 
of erosion on which the Cretaceous rocks rested uncon- 
formably. 

It may be interesting to compare with these borings 
that for the Artesian well at Grenoble, near Paris, of 
which the following is an abstract, the depths being 
given in English feet. 

Feet. Feet. Feet. 

16 
167 

till '^^08 



( Superficial matters 
( Plastic clay, etc. 
/ Chalk with flints . 
J Chalk without flints 
J Upper Greensand . 
(Gault . 



154/ 



337) 



1791 



In parts of France and Belgium they sink directly 
through the Chalk beds into Carboniferous rocks, and 
even get coal in the latter. This shews us that the 
Palaeozoic rocks extend under the more level Mesozoic 
beds, with the same highly inclined positions and 
greatly denuded surface whicb they have in the 
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Britisli Islands to the north-west of the "New Eed 
sandstone plain, and which they also shew in Belgium 
and the Rhineland. 

The Chalk abounds in many places with beautiful 
fossils, a few of which are figured in the following wood- 
cut. 




Fig. 58. 
Chalk Fossils. 
a. Ananchytea subglobosiis. e. Ammonites variana. 

h. RhjTichonella Cuvieri. /. Baculites anceps. 

c. Inoceramus mytiloides. g. Scaphites equalia. 

d. Lima HoperL h. Turrilites costatus. 
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The Ehynchonella Cuvieri {Cuvier^s little-heaJc) is 
an extinct species of an existing genus of bracliiopodous 
bivalves, Inoceramus Mytiloides (tJie musael-like fibre- 
shell) a species of an extinct genus of conchiferous 
bivalves allied to the living genus Pema {gammon 
sheU), and Lima Hoperi (Roper's file-shell) an extinct 
species of a living genus of the same class. 

Of the Cephalopoda, Fig. e, Ammonites varians 
(tTie varying Am.), is another species of that great genus, 
while Scaphites equalis (tJie equal skifi-shell), Turiilites 
costatus {the ribbed little-tower), and Baculites anceps 
{the doubtful staff-shell) are, like the Hamite mentioned 
at p. 291, curious modifications of the Ammonite family 
in which the shell, still chambered with indented 
and frilled partitions, is bent at both ends so as to 
resemble a boat in the Scaphite, to assume a turreted 
form in the Turritella, while in the Baculite the spiral 
shell is completely unrolled and pulled straight like a 
stick. The Baculite then was to the Ammonite just 
what the Orthoceras was to the Xautilus as described 
at p. 208. 

The Chalk abounds also in Echinodennata, especially 
in the Echinidea or Urchin family, which now begins to 
assume the superiority in numbers over the Crinoid or 
lily family which it has ever since maintained. The 
Ananchytes subglobosus {roundish unsqueezed urchin), 
and others, called the Gkilerites albogalerus {the white- 
hat, hat-urchin), and the Micraster coranguinum {snake's 
heart small-star), are species of genera which are not 
only extinct, but seem not to have existed either be- 
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fore or after the Cretaceous period, and are therefore 
good evidence that any deposits containing them were 
formed during that time. 

The fossils here figured, it must be recollected, are 
merely a few examples of a vast abundance of species 
and genera which are found solely in the Cretaceous 
series — ^many of them only in particular members of 
that series. 

Many large and curious bodies are found in the 
Chalk which were allied to Sponges ; these are often 
enveloped in flint, in consequence probably of the 
sponges when alive having siliceous spiculse, and there- 
fore contributing matter to the flints as well as attract- 
ing the other siliceous particles which were disseminated 
through the calcareous mud. 

In the Cretaceous rocks of the south of Europe 
there are found a number of curious coarse bivalve 
shells forming a peculiar family called the Rudistae ; 
one of them is called Hippurites {horse-tail fossil), and 
some calcareous beds are called Hippurite limestone in 
consequence. So rude and rough are the form and 
structure of these shells that they have been mistaken 
for Corals. These shells and the genus Inoceramus 
seem to be peculiarly characteristic of the Cretaceous 
series in different parts of the world. 

Crustacea also abound in many parts of the Cre- 
taceous series, and beautiful specimens of Eish occur, 
especially in the true Chalk, in which their glistening 
brown scales and sharp polished teeth form conspicuous 
objects. Many of the genera of Eeptiles which existed 
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during the Oolitic period survived into the Cretaceous ; 
bones of the Megalosaurus having been found in the 
Wealden beds, and peculiar species of Ichthyosaurus, 
Plesiosaurus, and Pterodactyle in different members of 
the Cretaceous series, up to the true Chalk. Professor 
Owen tells us that the bones of the three species of Ptero- 
dactylus from the Upper Greensand of Cambridge (P. 
Pittoni, P. Sedgwickii, and P. simus, flat-nosed) are so 
large d& to indicate that the animal had a spread of 
wing amounting to 18 or 20 feet; and two others from 
the Chalk of Kent were little inferior in size. There 
were also many other genera of reptiles belonging to 
other orders of the class, some of them much more 
near to true Lizards, of which the great Mosasaurus 
(Lizard of the Meuse) is an example. 

A bone of a true Bird was also found by the late 
much lamented Mr. Lucas Barrett in the Upper 
Greensand of Cambridge, which Professor Owen thinks 
must have been about the size of a woodcock. No 
mammalian remains have, however, been found as yet 
in the Wealden deposits above the Purbeck beds, nor 
in any part of the Cretaceous series, although they 
doubtless existed on the dry lands during the whole 
time. 

The English Secondary series closes with the Chalk. 
In the North of Prance, about Maestricht in Holland, 
and in Denmark, there are on the true Chalk certain 
beds of yellowish or whitish chalky limestone, pisolitic 
in France, which contain, with many characteristic 
Chalk fossils, others which are specifically peculiar to 
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those beds, but belong to genera which are elsewhere 
found only in Tertiary rocks. It was in these that the 
head of the large lacertilian reptile Mosasaurus Hof- 
manni was found at Maestricht, the head being three 
feet in length. 

Chalk, in its characteristic form, may, it is said, be 
traced here and there across Europe, from Antrim, 
where it is about 150 feet thick with many charac- 
teristic fossils, into South Russia. In other parts 
of the world, however, the Cretaceous series consists, 
as we should expect, of very different materials. In 
the centre of North America they are chiefly sands and 
clays with some good beds of bituminous coal, six feet 
thick. In the Andes of South America vast masses of 
dark clay slate, just like those found in our Silurian 
formations, together with brown argillaceous limestones, 
masses of red sandstone, with gypseous deposits, having 
a total thickness of 7000 or 8000 feet, are described by 
Mr. Darwin as running from Columbia north of the Equa- 
tor into Tierra del Euego, having Cretaceous fossils in 
some parts, and in others fossils more like Oolitic ones. 

In Greece the Hippurite limestone, answering to 
our Chalk, is associated with red marls and sandstones, 
all becoming converted towards the east into talc-schists, 
mica-schists, and crystalline limestones, like those of 
Donegal and the Highlands of Scotland, and containing 
the old copper, lead, and iron mines of Laurium de- 
scribed by Strabo and Xenophon. The Marbles of 
Hymettus and Pentelicus, then, may be said to be 
nothing more than altered Chalk. 
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I mention these facts particularly, in order to point 
out that neither the kind of rock, nor the thickness ol 
the deposits, in the stratified series of our own islands 
and western Europe, are to be taken as invariable 
guides. Here the PalsBozoic groups only are of great 
thickness, or are ever altered into gneiss and mica- 
schist. Elsewhere the Secondary, and even the Ter- 
tiary rocks form groups just as thick as our Palaeozoic 
rocks, and are, or may be, just as perfectly converted 
into gneiss and mica-schist, and penetrated by granite. 
These are all local accidents, and not essential characters 
of any part of the series. 

Note. — In order to understand what has been hitherto 
said of the geological structure of the British Islands, it 
will be necessary to refer occasionally to a geological map 
of them. Professor Kamsay's map of England and Wales, 
and the smaller one by Sir E. I. Murchison ; Professor 
Nichol's map of Scotland, or the clearer one by Sir R. I. 
Murchison and Mr. Geikie ; and Sir R. Griffith's map of 
Ireland, of which there is one large and one small cheap 
edition, are all excellent authorities. Mr. Knipe's geologi- 
cal map of the British Islands is also a useful wall map. 



CHAPTEE XXI. 

TERTIARY OR CAINOZOIC EPOCH. 

Sir C. Ltell proposed for the division of this epoch 
into periods a more systematic nomenclature than that 
which has heen used for the preceding periods. As we 
trace the stratigraphic series from older to newer de- 
posits, the fossil organic forms became gradually more 
like those which now live. No fossils, however, have 
been found in any Palaeozoic or Mesozoic deposit 
specifically identical with any now existing, except 
perhaps some Poraminifera, one of the lowest forms of 
animal life, the species of which it is difficult to de- 
termine with accuracy. It is in the Cainozoic or 
Tertiary rocks that we first find a fossil shell identical 
with a living one. This identity of species, however, 
does not reach higher than the MoUusca until we 
arrive at the most recent of all deposits ; for, except 
in them, no fossil Pish, Keptile, Bird, or Mammal has 
ever been identified with a living one. Looking chiefly 
to the shells of the Mollusca, however, Lyell*s principle 
of classification refers to the proportion of species 
among the fossils that can be identified with existing 
forms, compared with those that are manifestly extinct. 
Taking the Greek word xamg (kainos, usually angli- 
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cised as coene or cene, and meaning new) as referring to 
these new or recent species, he combines it with riiig 
(eos, fJie dawTi), fisiuv (meion, less), irXiiov (pleion, more), 
^XeTsrog (pleistos, most), to make names for the four 
periods into which the Tertiary Epoch is divisible. 
Eocene then means the period in which recent, or still 
existing, species of Mollusca first dawned upon the 
earth. 

Eocene Period*. 

The fossils shells of the Eocene period are supposed 
to contain not more than 5 per- cent of still existing 
species, and it may be doubted whether the earlier beds 
contain any. Of- the British Eocene fossil shells none 
are now living in any European seas. 

The division between the Secondary and Tertiary 
Epochs, like that between the Primary and Secondary, 
is based on the existence of a great gap or break in the 
series. After the close of the Cretaceous period there 
seems to have been a time rather of destruction than of 
production over all the area which is now Europe ; and 
the rocks that were deposited during this time in other 
parts of the world are not yet known to us. 

In England Mr. Prestwich has shewn that the an- 
ticlinal arch over the Wealden district had been formed, 
and the Chalk greatly eroded, so that in some places the 
Greensands below the Chalk had been laid bare before 
even the lowest of the Eocene beds was deposited. It 
does not follow that any of the valleys which now tra- 
verse the Wealden district and the adjacent Chalk escarp- 
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ments had been excavated. The Cretaceous beds may 
have been cut off by erosion above in such a way as 
that the surface may have always been a plain or very 
low ridge, and the tilting of the Chalk may have 
been so slight that when the Eocene deposits were 
formed on it, they may have been apparently parallel 
to it. Farther disturbance and denudation have cer- 
tainly taken place since, both in the Wealden area 
and along the line running through the Isle of Wight, 
so as to tilt the Eocene beds themselves, as well as 
the Chalk, into a vertical or highly inclined position, 
as shewn in the following section. 
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Fig. 59. 
Section on west side of Isle of Wight— length about 700 yards. 



/. Barton clay. 

e. Bracklesham beds. 

d. Lower Bagshot sands and clays. 

c. London clay, 

6. Plastic clay and sands. 

a. Chalk, with eroded surface. 



m. High level gravel. 

I. Bembridge beds. 

k. Osbonie beds. 

j. Upper Headon beds. 

i. Middle Headon beds. 

h. Lower Headon beds. 

g. Upper Bagshot beds. 

Note. — There is a little mistake in this woodcut in the lines of/, which 
are made to end against the base of g, instead of running i)arallel to it. 
This gives the appearance of an unconformity which does not exist. The 
whole of the Eocene beds are apparently parallel and conformable to each 
other. 

This section is the most complete one of any Ter- 
tiary rocks shewn in any one locality in the British 
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Islands, but it misses one small Eocene group which, 
on the east side of the Isle of Wight, lies above the 
Bembridge beds, while it is deficient in the lowest 
group of all, which lies below the Plastic Clay in the 
London basin, but does not exist in Hampshire. The 
London Clay itself also is much thicker under London 
than in Hampshire. 

The following table will give an abstract of the 
whole of the English Eocene series, combining the beds 
found in the London basin with those of the Isle of 
Wight :— 

Groups. Sub-groups. Feet. 






Hampstead 
series. 



f d, Corbula beds 

c. Upper fresh-water and 
estuary marls 

h. Middle do. 
,a. Lower do. 



Bembridge ( h. Marls and oyster beds 
series. ( a. Limestone 






^3 



Osborne 
series. 

Headon 



Bagshot 
series. 



j h. St. Helen's sands 
j a. Nettlestone grits 

I c. " Upper fresh- water* 
h. Middle marine . 
a. " Lower fresh-water * 

Upper Bagshot . 
) Barton clay 
I Bracklesham beds 
[ Lower Bagshot . 



' London clay 
( Plastic clay 
) and sands 
, Thanet sands 



15 

40 
50 
65— 170 

90 
25— 115 

50 
20— 70 

85 
50 
65— 200 

200 
300 
110 
660—1270 



Feet 



480 

160 
90 

2555 
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The Thanet Sand is a light coloured sand which 
attains its maximum thickness in the Isle of Thanet, 
stretches past Woolwich and London, and dies away 
near Reading. 

The Plastic Clay or Woolwich and Reading series is 
a variahle mixture of clays, sands, and gravels, which 
is not more than 30 feet thick at Heme Bay, but 
thickens towards the west, and attains its maximum in 
the Isle of Wight. 

The London Clay is a dark unctuous clay, which is 
thickest about the Isle of Sheppey, and gets thinner 
towards the west, but seems to have thinned out 
altogether to the east of the British Islands, as it is 
scarcely represented in Belgium, and not at all in France. 

The Lower Bagshot sands cap Hampstead Hill, and 
spread over the heaths of Bagshot, Aldershot, and the 
adjacent country. These are the highest Eocene beds 
which have been left in the flat open basin of the 
Thames, the beds above th«m being only found in the 
Hampshire basin, where they have been protected from 
subsequent denudation, by being tilted up at a high 
angle into a much steeper and deeper basin, and thus 
made to dip beneath the present surface of the ground. 
They consist of many beds of sands, and clays, and 
limestones, mostly soft, but some hard and firm. 

Fossils of the British Eocene Rocks, — The general 
statements as to the distribution of the fossils in the 
Oolitic formation made in Chapter XIX. would equally 
apply to those of the Eocene. Each series or group, 
and each sub-group, mentioned in the table on p. 303, has 
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a peculiar assemblage of fossils belonging to it. Some 
of these species do not occur anywhere else except in 
the little sub-group, others range through all the sub- 
groups of a series, and others again — ^but these very few 
compared with the whole assemblage — are found in two 
or even three of the groups. 

These common fossils serve to link these groups 
together into larger divisions, called in the table Upper, 
Middle, and Lower Eocene. 

The Lower division, being much better developed 
in the London district than elsewhere, may also be 
called the London division ; while the Middle, assuming 
a greater importance, and being more widely extended 
and more perfectly preserved about Paris than in 
England, may be called also the Paris division. 

Both in France and England many of the fossils 
found in the beds which form the Upper Eocene, and 
the top part of the Middle Eocene, are of fresh- water 
origin, some beds containing none but fresh-water or 
terrestrial kinds, others having some estuary species, or 
those which like the brackish water at the mouths of 
rivers, while now and then a bed occurs with only 
marine fossils. The upper 550 feet in the Isle of 
Wight are formed chiefly of these fresh-water deposits. 

Most of the Eocene beds are crowded with beautiful 
fossil shells and other animal remains, and in some 
places with the fruits and leaves of plants. 

A great number of these fruits, converted into iron 
pyrites, were formerly procured from the London Clay 
in part of the Isle of Sheppey. Some of them resembled 
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coffee berries, and others the nuts of palms. A few 
Corals and Polyzoa, one or two Brachiopoda, many 
ordinary bivalve and univalve shells, a splendid Nau- 
tilus and other Cephalopoda, some starfishes and other 
Echinodermata, several Crustacea resembling the lob- 
sters and crabs of the present time, some Fish, and Eep- 
tiles including the Turtles, Crocodiles and Snakes, two 
species of Birds, and several of Mammalia, have also 
been procured from the London Clay. 

In the group of fossils given in Fig. 60 we have a 
few species figured. The Terebratulina striatula {slightly 
striated terebratula-like shell) was a species of a still 
existing genus of Brachiopoda. The Pinna aflfinis 
(kindred wing), the Cyrena cuneiformis (wedge-shaped 
cyrena), and the Cryptodon angulatum (angled hidden- 
tooth), were Conchifera or ordinary bivalves — all being 
extinct species of existing genera. The Yoluta Wethe- 
rellii (WetherelVs volute) and the Aporrhais Sowerbii 
(Sowerby's destroyer) are extinct species of existing 
genera of Gasterpoda, and the Nautilus imperiahs 
another extinct species of the persistent cephalopodous 
genus Nautilus. The Coelopoma Colei (Lord Cole's* 
Jwllow gill-cover) and the Otodus obliquus (oblique ear- 
tooth) belonged to extinct genera of Fish, while Lanma 
elegans (elegant blade) was an extinct species of an ex- 
isting genus of Sharks. 

Passing from the Lower to the Middle Eocenes, we 
find still the same, or even a greater richness of fossils — 
the clays of the Barton and Bracklesham beds especially 
* The present Earl of Enniskillen. 
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being in parts of the coast of Dorsetshire and Sussex 
absolutely full of shells, which may be cut out with a 




Fig. 60. 
Lower Eocene Fossils. 

o. Terebratulina striatula. /. Aporrhais Sowerbii. 

6. Pinna affinis. g. Nautilus imperialis. 

c. Cjrrena cuneiforniis. h. Coeloporaa Colei. 

d. Crypto<lon angulatum. • i. Lamna elegans. 

e. Volute Wetherellii. j. Otodus obliquus. 

knife in as perfect a state of preservation as when they 
were living in the waters. 

It is in the Eracklesham beds that we first meet 
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in Britain with the remarkable Foiaminiferous shell, 
the Nmnmnlite, which is so abundant in the Eocene 
rocks of the countries bordering on the Mediterranean, 
and stretching thence through Asia along the south 
flank of the Himalayah Mountains, as to make up 
great beds of rock, with an aggregate thickness of many 
hundreds, if not of thousands, of feet. These Num- 
mulite beds are found contorted in the mountains of 
the Alps, and raised to a height of 16,000 feet above 
the sea in Thibet. The Great Pyramid of Egypt is built 
of this stone. 

Other classes of animals have left their representa- 
tives among the deposits of the Middle Eocene beds, 
and among them many Fish, many Eeptiles, crocodiles 
and others, and many Mammalia, which are different 
from those found in the Lower Eocene beds, and have 
not yet been found anywhere above the Middle Eocene. 

In the Upper Eocene, as we lose the marine deposits, 
we no longer get the great variety of marine shells and 
other animals, though the few species of land and 
fresh-water shells that do occur are often in immense 
abundance. Some of these are figured in the fossil 
group, Fig. 61. Of these. Fig. a is the seed-vessel of the 
Chara medicaginula, a fresh-water plant which secretes 
carbonate of lime ; the Cyrena pulchra {beautiftd Cyrena) 
is another extinct species of that genus, while the rest 
are all extinct species of well-known existing genera of 
land and fresh-water snails, except Hydrobia and Ceri- 
thium, which are marine or brackish water genera. 

Along ^vith these, the remains of seven species, be- 
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longing to five extinct genera, of land Mammalia have 
also been found in the Isle of Wight, in the Upper 
Eocene beds, which with four other genera from the 




a. Chara Medicaginula 
h. Cyrena pulchra. 

c. Achatina costellata. 

d. Paludina orbicularis. 

e. Bulimiis ellipticos. 



Pig. 61. 
Upper Eocene Fossils. 



/ Helix D'Urbani. 
g. Hydrobia Chastellii. 
h. Cerithium elegans. 
i. Lynmsea longiscata. 



Middle, and four or five more from the Lower Eocene, 
makes thirteen or fourteen genera found in the British 
Islands. 
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The MammalR fonnd in the Lower Eocene beds, and 
described by Professor Owen, were the Coryphodon 
{crest-tooth) a tapir-like animal, twice as large as the 
American tapir, and lesser animals called Hyraco- 
theriom (Hyrax beast) and Pliolophns (nearer ridge) 
which were more nearly allied to the Hog tribe. The 
Didelphys Colchesteri {Colchester opossum) was a mar- 
supial animal of the earlier part of the period, belong- 
ing to the same genus as the existing American 
opossums. 

In the British Middle Eocene beds the remains of 
species of animals called Dichodon (split-tooth), 
Lophiodon (ridge-tooth), Microchoerus (little pig), and 
Paloplotherium (old armed beast), have been found. 
The three first were small animals, haying some affinity 
with the Chevrotanes or Musk animals of the East, 
which are placed by Cuvier between the Camels and 
the Deer. 

In the Upper Eocene of the Isle of Wight frag- 
ments of many of the same animals as those from the 
gypsum beds of Montmartre have been discovered 
The most remarkable of these are the genera Palaeo- 
therium (old beast), intermediate between the rhinoceros, 
the horse, and the tapir, of which eleven or twelve 
species are known, varying in size from a pig to a horse 
or rhinoceros ; Anoplotherium (defenceless beast), in one 
respect between a horse and a rhinoceros, but having 
affinities with the hippopotamus, the hog, and the camel, 
of which five species are known, varying in size fix)m 
a hare to an ass, the largest having a long and strong 
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otter-like tail, as if to assist it in swimming ; Chsero- 
potamus {river hog), Anthracotherium {coal beast, as 
having been found in some lignite beds), and several 
others. 

Most of these fell into Cuvier's order of Pachy- 
dermata {thick skins) in which he inoluded the Elephant 
and Ehinoceros, the Horse, the Hippopotamus, and the 
Hog, but which Owen has lately divided into three 
orders. Many of them seem to have been adapted for 
living on rich marshy plains on the borders of rivers 
and lakes. There were, however, Carnivora adapted to 
prey upon these animals, one of them called Hysenodon 
(hycena-tooth) apparently more fell and deadly than our 
modem wolves and tigers, if we can judge by the 
size and shape of its teeth. 

Numerous, however, as are the genera of Mammalia 
found in the Eocene rocks of England, they are ex- 
ceeded by those of France. 

The Chalk and other Cretaceous rocks of England, 
beyond the shallow notch which the sea has worn in 
them, but not through them, to form the Straits of 
Dover, spread in gentle undulations through the greater 
part of the North of France. The Eocene beds there 
rest upon the eroded surface of the Cretaceous rocks, 
and when the Chalk sinks into a basin-shaped depres- 
sion round Paris, we find the whole Eocene series lying 
in the hollow. The Woolwich and Beading beds are 
represented in France by beds very similar to the 
English ones, our term of Plastic clay being indeed but 
the translation of the original French designation of 
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Argils plasUque assigned to those beds by the early 
Fiencb geologists. Neither the Thanet sands below 
them, however, nor the London clay above, hare any 
representatives in the Paris basin. The Lower Bagshot 
sands are represented by shelly and sandy beds, while 
the Bracklesham beds are believed to be contem- 
poraneous with the coarse limestone or Calcaire Gros- 
»ier, which is the building-stone so much used in 
Paris. Other sands above this are believed to be 
the representatives of the Barton clay, and the 
Upper Bagshot sand and clay, and beds called the 
Beauchamp grit (Gr^ de Beauchamp), and Marine lime- 
stone (Calcaire marin\ to be those of the Headon and 
Osborne series. Above these come the gypsum beds so 
largely quarried near Montmartre, and the fresh-water 
limestone (Calcaire lacustre) and siliceous limestone 
(Calcaire siliceux) contemporaneous with the Bembridge 
series of the Isle of Wight ; and over these, and therefore 
representing the Hempstead series, come the Fountain- 
bleau sands and grits, and the fresh-water limestone 
called the Calcaire de la Beauce, The upper part of 
the French series seems to overlap the lower and spread 
far beyond it over the edges of the Cretaceous beds, 
resting unconformably upon any lower rocks. These 
deposits, however, many French geologists class as 
Miocene, and Sir C. Lyell seems inclined to adopt this 
view, and to consider the Hempstead beds of the Isle 
of Wight as also Miocene. 

It was from the gypsum beds of Montmartre that 
Cuvier procured most of the remains of mammalian 
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animals from the study of which he may ahnost be said 
to have founded the science of comparative anatomy, 
and astounded the scientific world of his contemporaries 
with his extraordinary discoveries. It seems at first im- 
possible that any one should, from the examination of a 
piece of an animal, of which neither he nor any other 
man ever saw any more than that fragment, be able to tell 
us what kind of an animal it was, andwhatwere its habits 
and even its general form. The principle on which this 
can be done, however, is intelligible enough, although 
the skill and sagacity required, either to discover it in 
the first instance, or even to apply it now without 
error, may be as rare as admirable. Every plough- 
boy knows the difference between a coVs tooth and a 
horse's, and most would tell you at once which belonged 
to a sheep and which to a pig. No one who was shewn 
the skull of a lion could imagine that it belonged to a 
deer or an antelope ; the great conical fangs and sharp- 
pointed teeth, would shew at once that they were in- 
tended to tear flesh, and not to nibble grass or to grind 
grain. But the jawsintended to seize and tear, and there- 
fore to work vertically, must obviously have a different 
sort of insertion into each other from those intended to 
grind, and therefore to move horizontally. By the 
study, then, of the different kinds of insertions of the 
jaws, a man might learn to distinguish between carni- 
vorous and herbivorous animals, as well as by looking 
at their teeth. Moreover, an animal who has to live 
by leaping on its prey, and holding it with claws, 
must have feet or paws armed with sharp nails or 
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talom, defended by soft pads undemeatli to protect the 
paws from the shock should it alight on the gronnd, 
and the shape of its leg bones, and the bones answeiing 
to our wrists or ankles, must be all adjusted accord- 
ingly, and the muscles must also be adapted to the 
work, and therefore the insertions of those muscles, or 
the knobs and ridges of the bones to which they are 
attached. An animal with the head of a tiger and the 
feet of a deer or a sheep must inevitably starve to death. 
The form of the teeth then involves a certain form in 
the extremities, an^ in the shape of all the bones of 
which those extremities are made up. By studying all 
these modifications in living animals, and learning 
their application to the habits and necessities of the 
animals, it is clear that we might be able to determine 
from the bones of the extremities whether the animal 
had talons or hoofs, and whether therefore it were car- 
nivorous or herbivorous, even if it were the bones of 
6U1 animal we had never seen before. 

The skeleton of each animal is, in fact, a perfect piece 
of machinery, the object of which can be discerned 
from the study of its structure, and each one of its 
parts is so clearly and definitely adapted to all the rest, 
that no one could be altered in shape or size without 
either carrying out a corresponding alteration through- 
out the details of its structure, or vitiating the whole 
machine. A man profoundly versed in the knowledge 
of such machinery, and skilled in tracing the uses of its 
several parts, will obviously be able to detect the mean- 
ing of the modifications observable in the parts of a 
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similar machine that is new to him, and follow to their 
legitimate conclusions all the consequences of these 
modifications. In other words, a good comparatiye ana- 
tomist, if he find a critical bone or tooth of a new ani- 
mal, will be able to give a very close approximation to 
the shape, size, habits, and appearance of that animal. 

Cuvier even predicted, from a few fragments, pe- 
culiar structures in the skeletons which were afterwards 
found to exist when more perfect specimens of the 
fossils were discovered. 

It must be borne in mind that, although these dis- 
coveries appear more striking to us when they relate 
to that highest class of animals to which we ourselves 
belong, the principles just now sketched out are appli- 
cable to all the classes of the Animal Eangdom, down 
even to the lowest, and even to the Vegetable King- 
dom also. 



CHAPTEE XXII. 

MIOCENE PERIOD. 

The proportion of existing species found among the 
fossil shells of the Miocene period may, according to 
Sir C. Lyell, be taken at about 20 or 30 per cent, the 
recent species being still in a minority. 

Few deposits in the British Islands can be with any 
certainty assigned to the Miocene Period. The little 
basin containing clays, sands, and lignites, near Eovey 
Tracey in Devonshire, however, has lately been decided to 
belong to that period by M. Heer, who has examined the 
fossil plants contained in it. The great basaltic plateau 
of Antrim, one small bed of which makes the well-known 
Giant's Causeway, may also belong to it, as well as the 
corresponding volcanic rocks in the Islands of Mull and 
Staffa, on the coast of Scotland. In Antrim the old 
lava streams which now form beds of columnar basalt 
interstratified with thick beds of ash, containing layers 
of lignite, spread over the Chalk through an area of 
1200 square miles, and are in some places 900 feet 
thick. Leaf-beds discovered in the ash, interstrati- 
fied with the lavas in the Island of Mull, by the Duke 
of Argyle, shew forms like those found on the con- 
tinent in Miocene beds. 
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That the Basalts of Antrim are above the Chalk at 
all events, and rest upon an eroded surface of it, and 
are, therefore, certainly Tertiary, may be seen by 
reference to the section given in Fig. 62. 



CAVE HILL 




Diagrammatic Section across Belfast Valley. 

Feet. 

B. Ba.salt, some columnar beds, some amygdaloidal - - up to 900 
Y. Eroded surface of chalk, with clay full of baked flints. 

C. Chalk in some places as much as 250 

G. Greensand - - not exceeding 25 

L. Lias not exceeding 80 

N. B. M. New red marls, with rock salt 600 

N. R. S. New Red sandstone 600 

c b. Carboniferous rocks. 

I. 8. Lower Silurian rocks. 
d. Dykes of basalt. 

X Clay and silt, with bed of peat 40 feet under sea level, at head of Belfast 
Lough. 

This section shews us that the Carboniferous rocks 
rest upon an old eroded surface of Lower Silurian, and 
have themselves been contorted and denuded, so as to 
form an eroded surface on which the Secondary rocks 
lie. We also see that although there was a consider- 
able deposition of beds during the New Bed sandstone 
period, there is, after a few of the bottom beds of the 
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lias had been fonned, an entire absence of all the great 
Oolitic and Lower Cretaceous series, and that the Chalk 
itself is but very imperfectly represented. The Chalk, 
however, was evidently once thicker, perhaps a good deal 
thicker, than it is now, and it might possibly have been 
altogether removed by the denuding action, if at some 
subsequent period, probably the Miocene, it had not 
been covered by the great capping of lavas, and ash 
beds. These igneous rocks also spread originally over 
a wider area than they do now, as is shewn by their 
abrupt termination in cli£& and precipices all round, as 
well as by the extension of the dykes which were their 
feeders through much of the country outside their area. 
On the continent of Europe, many widely spread 
beds in Belgium and France have been classed as 
Miocene by Sir C. Lyell and others, especially those 
called the Faluns of Touraine and the great lake-for- 
mations of Auvergne, which now form hills several 
hundred feet in height. 

Volcanic activity shewed itself in France probably 
at a still earlier period, for the great volcanic masses 
of the Mont Dor and the Cantal seem to have been 
formed before the deposition of many of the fresh-water 
beds, but it was probably continued through the Miocene 
and even to a much later time ; many of the volcanoes 
of the Puy de Dome district, and some of those in the 
Velay country, being as fresh-looking as if they had 
been just ejected. 

The beds around Vienna, and those about Mayence 
in the basin of the Ehine, and part at least of the great 
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series of sands and clays and gravels and conglomerates 
known as the Molasse, belong to this period. 

In the central lake country of Switzerland, lying 
between the Jura and the Alps, many mountains, even 
that of the Ehigi for instance, are composed of these 
beds, a single mass of conglomerate called the iNagelflue 
being reckoned at 6000 feet thick. The Ehigi, which 
is chiefly composed of it, rises to 6050 feet above the 
sea, and more than 4000 above the Lake of Lucerne, at 
its foot. 

In India the beds which make the Sewalik Hills, a 
range of very considerable altitude, running along the 
foot of the Himalayahs, are believed to be Miocene. 

Fossils. — Many of the European beds are crowded 
with fossil shells, of which about 25 per cent are gene- 
rally found to be of existing species. The Mollusca 
inhabiting the European seas seem to date their origin 
from this period, so far as species are concerned. 

Among Mammalia several existing orders or genera 
have the same date. The Deer tribe, the Proboscidean 
animals, the Ehinoceros, and the first approach to the 
Hippopotamus and the Horse, may be reckoned among 
these ; and the Monkeys also were now certainly in 
existence. The Proboscidean animals had three well 
marked genera during this period — the Elephants, of 
which there are two now existing species; the Mastodon 
(teat-tooth), a rough-toothed elephant which became 
extinct at a much later period ; and the Deinotherium 
(huge beast), which did not survive the Miocene period. 
The Deinotherium seems to have been a kind of water 
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elephant with a short proboscis and two down-cnrved 
tusks, which proceeded j&om the lower jaw instead of the 
upper as in the Elephants. One species of Deinotherium 
has been found in Europe and another in India. Many 
of the animals found in these Miocene deposits form 
intermediate links between those of the Eocene period 
and existing species, as is shewn by Professor Owen 
in his Palaeontology. " The Deinotherium and narrow- 
toothed Mastodon for example, diminish the interval 
between the Lophiodon £uid the Elephant ; the An- 
thracotherium and Hippohyus {korse hog), that between 
Chseropotamus and Hippopotamus ; the Acerotherium 
(Jiomless beast) was a link connecting Palssotherium 
with EhiDOceros ; the Hippotherium (horse beast) 
linked on Paloplotherium with Equus Qwrse)" The 
Hippotherium, though resembling a horse in some 
respects, was a three-toed animal, the very singular modi- 
fication of the leg and foot exhibited by the existing 
horse not having been reached till a much later period. 
Besides the animals already mentioned, one called 
Macrotherium (great beast), a large Edentate animal, 
intermediate between the Asiatic Manis and the African 
Orycteropus, has been found in France, and great whales 
in Malta and America. Large Camivora also have 
been discovered, as the Amphicyon (doubtful dog), a 
forerunner of the Plantigrade family or that to which 
the Bears belong, and the Machairodus (sabre-tooth), 
some species of which were as large as a lion, and, from 
the size and shape of their teeth, at least as powerful 
and ferocious. 
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Other animals have recently been found hy M. 
Gaudry in Miocene deposits in Greece. 

Dr. Falconer and General Cautley made a magnifi- 
cent collection of strange animals from the Se'walik 
Hills of India many years ago. Among them was the 
shell of a tortoise, the curved back of which is 20 feet 
across, as may be seen in the British Museum ; great 
Crocodiles also occurred, and a large Ostrich, with 
several Monkeys, some Camivora, an extinct species of 
Giraffe and Camel, five extinct species of Elephant, and 
a very remarkable animal which they called Sivatherium 
(Siva's hea8t\ which was as large as a Ehinoceros, had 
four horns, and probably a proboscis also, thus forming 
a kind of link between the Euminantia and the Pro* 
boscidea. — {MantelVa Wonders of Geology) 



CHAPTEE XXIII. 

PUOCENE AKD PLEISTOCENE PERIODS. 

The Pliocene Period is that in wliicli the recent or 
existing species of shells attain a plurality, or amount 
to more than 50 per cent of all those found fossiL The 
Pleistocence Period would then mean that in which 
the existing species were in the greatest abundance, 90 
-or 95 per cent ; or even more. Sir C. Lyell has, how- 
ever, lately abandoned this term for Post-phocene. 

Pliocene Period, — ^We have a few small deposits 
belonging to the Pliocene Period in Suffolk. These 
are composed of soft marly sands, and of red sand and 
gravel with banks of shells, and are known to the people 
of the locality as Crag. Their whole thickness is not 
more that 60 or 60 feet, but they are divisible into 
two groups lying side by side of each other, the White 
or Coralline Crag, and the Eed Crag. The Coralline 
Crag is the older of the two, the Eed Crag abutting 
against it, and sometimes lying in hollows of it. These 
deposits are full of fossils, a few of which are figured 
in the following group. 

Echinus Woodwardii (TToo^ftrarcf « urchin) and Tem- 
nechinus excavatus (excavated CM^wrcAiw) resemble some 
still living urchins. Terebratula grandis is a fine extinct 
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species of the BracliiopGda. Astarte Omalii (Omalius^s 
Astarte, the Syrian Venus) and Cardita senilis {the old 
heart-shell) are extinct species of genera of conchifers, 




Big. te. 

Ciag Fossils, 
a. Echinus Woodwardii. 
h. Temnechinus excavatos. 
c. Terebratula grandis. 



d. Astarte Omalii. 

e. Cardita senilis. 

/. Voluta LambertL 



of which, there are many living species ; and Voluta 
Lamberti {Lamberfs volute) an extinct species of a well- 
known living genus of Gasteropods. The two first and 
the last are found only in the Coralline Crag, but the 
three others both in that and the Eed Crag. Each of 
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these deposits has many species peculiar to itself as 
well as many common to the two; the shells of the 
Eed Crag having a lather more northern character than 
those of the Corallina 

Continental Pliocene. — ^While these little deposits 
were being formed in the shallow sea which then spread 
over a part of the east of England, just as similar de- 
posits may be now forming in the German Ocean, other 
much larger groups were being formed in other parts of 
Europe. Sir C. Lyell refers to this period the beds 
which form the Subapennine Hills of Italy, single 
members of which are 2000 feet thick ; and large areas 
in the east of Europe, especially to the north of the 
Black Sea, and round the Caspian and Aral Seas, are 
coloured as Pliocene in the geological maps of Europe. 

Post-Pliocene, or Pleistocene Period — Norwich 
Crag, — ^There are in the neighbourhood of Norwich 
some beds of Crag, the fossil shells of which comprise 
a much greater proportion of living species than do those 
of the Suffolk Crags, and have a much more northern 
character than those of the Eed Crag. This group is 
sometimes also called the Mammalliferous Crag, £rom 
the number of bones of mammals, chiefly Proboscidean, 
which are found in it. Among these are two extinct 
species of Elephant, called antiquus (ancient) and meri- 
dionalis (southern), and one species of the extinct genus 
Mastodon, called Arvemensis (belonging to Auvergne), 

The Forest Bed. — ^This Norwich Crag rests at Wey- 
boume directly on the Chalk, but it thins out towards 
Cromer, and is replaced by a bed called the " Forest 
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Bed," from its containing the upright stumps and roots 
of trees in the position of growth. This old buried 
forest has been traced for forty miles, and it is covered 
by a set of sands and clays, sometimes 10 feet thick, 
some parts containing fluviatiie and other marine shells, 
shewing that the old forest was depressed beneath the 
sea level These beds are themselves, near Cromer 
covered by the Boulder clay and other " Drift " forma 
tions that will be described presently. The fossils 
found in the Forest bed and the clays above it are very 
remarkable. The shells are all of living species, and the 
trees consist of Scotch fir, Spruce fir, Yew, Sloe, Alder, 
and Oak ; while remains of the Buckbean and Water 
lily have also been found. Kevertheless, these beds 
contain the remains of three kinds of Elephants — anti- 
quus, meridionalis, and primigenius (first-horn) or the 
Mammoth ; two species of Rhinoceros — one called Etrus- 
cus (Tiiscan), and the other leptorhinus (slender snout) ; 
a Hippopotamus of the species called major (greater) ; 
a large extinct species of Beaver, and also the European 
Beaver, and several Deer, Bears, and other animals. — 
(LyelVs Antiquity of Man^ chapter xii.) 

The Drift Deposits, — In almost all parts of the 
world there are found certain superficial beds of clay, 
sand, or gravel, formed either by the sea during the last 
submergence of the land, or by the rivers and the rains, 
and other atmospheric agencies since its last elevation 
above the sea. In the British Islands, and in corres- 
ponding latitudes throughout Europe and America, these 
deposits prove not only that there have been great de- 
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pressions and elevations of the land during the recent 
geological period here called Pleistocene^ but that the 
climate during part of that period was much colder 
than at present 

Glacial Markings. — ^In many parts of the British 
Islands the hard rocks are polished and grooved and 
scratched precisely in the same manner as the rocks 
from which a glacier has recently receded. These 
marks are traceable in some parts over the whole 
country, from a height of 2000 feet down to the shore, 
where they pass beneath the sea at low water. K"o 
part shews them in greater perfection than the south- 
west comer of Ireland. They seem to afford evidence 
that large parts of our islands were at one time quite 
buried under a great coating of ice, /just as Greenland 
is now covered. This idea, first suggested by Agassiz, 
and long disbelieved, seems now becoming prevalent 
among those who have paid most attention to the sub- 
ject. It is supposed that at the time of the greatest 
extension of the ice cover, the British Islands were 
higher out of the water than they are now ; that they 
were afterwards depressed till the mountain-tops only 
were visible, and then re-elevated, ice prevailing on the 
land during all the time occupied by these movements, 
but being shrunk into mere valley-glaciers in the latter 
part of it. It was probably during this latter part that 
the singular terraces were formed round some glens in 
the north of Scotland known as the Parallel Eoads of 
Glenroy. Mr. Jamieson has lately shewn that these 
were beaches on the shores of lakes, and that the lakes 
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were formed in consequence of glaciers descending from 
the neighbouring mountains across the mouths of the 
glens^ so as to dam the brooks till the accumulated 
waters flowed over the gaps or passes at the heads of 
the glens. 

The Boulder Clay, or Till of Scotland. — ^A great 
unstratified mass of blue or red clay, full of rounded 
and angular fragments of rock, is believed by good 
authorities* to have been formed beneath the former 
great ice cover, by its grinding action as it slipped over 
the land. The Boulder olay is often 100 feet thick, and 
is found up to heights of 1500 feet. It was probably 
once more continuous than it is now, having suffered 
from subsequent erosion. It is found through Scot- 
land and the north of England as far south as the 
Thames valley, but not farther south. 

Stratified Drift, — In many parts of England there 
occur beds of clay, sand, or gravel, more or less regu- 
larly stratified. The quartzose gravel of the Midland 
Counties is derived chiefly from the waste of the New 
Bed sandstone conglomerates. This spreads into the 
Thames valley, but gradually becomes supplanted by 
the flint gravels which are so common in large parts 
of the south and east of England. Some of these drift 
deposits contain marine shells, but others have shells 
of fresh- water origin, and many of them are evidently 
river gravels. These river gravels are found either in 
the bottoms of the valleys, within or but little above 

* See Mr. Geikie*s work on the Phenomena of the Glacial 
Drift of Scotland. 
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the reach of possible river floods at the present time, or 
at various heights on the flanks of the valleys. The 
former are Mr. Prestwich's " Low Level gravels," and 
the latter his '' High Level gravels,'' which are sometimes 
at a height of 100 or 200 feet above the rivers, and 
fiur out of reach, therefore, of any possible floods. 
These must have been deposited by the rivers when the 
valleys were much shallower than at present, or 
before the rivers had excavated the valleys to their 
present depth. 

In Lreland the stratified drifts shew three varieties. 
The first is that of the Limestone gravel, consisting of 
well rounded blocks and pebbles of Carboniferous lime- 
stone of almost all sizes, interstratified with beds of 
dark clay or fine sand. The Limestone gravel spreads 
all over the interior, over the Limestone plain, and up 
on to hills of Granite, Silurian slate, Old Eed sand- 
stone or Coal-measures, to heights of 700 feet above it, 
and 1000 above the sea. There are no shells in it 
except near the eastern coast. The second variety is 
the marl of Wicklow and Wexford, which is interstra- 
tified with beds of sand and gravel, and contains many 
marine shells. This spreads over the lowlands and up 
to heights of about 500 feet above the sea. Near the 
town of Wicklow the Limestone gravel was seen beneath 
it in a railway cutting. The third variety consists of 
beds of sand and gravel made of the waste of the Old 
Eed sandstone, which in Cork and Waterford often 
spreads for some distance over the Carboniferous lime- 
stone and other rocks. 
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The upper part of the limestone gravel of the 
centre of Ireland is in many places heaped into narrow 
winding ridges, which are called Eskers. These often 
look like irregular railway embankments, and run in 
sinuous lines for 20 or 30 miles, sometimes attaining a 
height of 100 feet. They often have very steep sides, 
with only space for a fence or a narrow road on the top. 
Double and triple lines are formed, sometimes enclosing 
hollows or flat spaces with a bog at the bottom, and the 
large bogs of the centre of Ireland are often more or 
less surrounded by Esker ridges. Similar ridges occur 
in Scotland, where they are called Karnes. 

Drift Fossils. — ^The sea-shells found in the Drift 
deposits of the British Islands axe all existing species, 
and most of them living in the British seas ; some of 
them, however, are found only on the northern coasts 
of Scotland, and others are not found even there, but 
must be sought on the coasts of Norway or Greenland, 
or Davis* Straits, or Spitzbergen. The group of fossil 
shells given in Eig. 64 are some of these species. Pecten 
Islandicus, the Icelandic scallop, is one of the arctic 
species ; Astarte elliptica is one of those living on the 
coasts of Scotland; Cyrena fluminalis (river Cyrena), 
is a very remarkable form, as it is believed to be iden- 
tical with a species now living in the Nile, and with 
one found fossil in the Crag as well as in beds of sand 
above the Boulder clay in the neighbourhood of Hull. 
Eusus Eabricii {Fdbricius^s spindle) is an Arctic species, 
while E. scalariformis, Natica Greenlandica {Greenland 
staircase), and Cemoria Noachina (Noah's head stall), 
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are botli Arctic and Boreal, the latter designation apply- 
ing to the seas wliich lie between the Celtic province of 
our own islands and that of the Arctic Ocean. 

€1 'i 




Fig. 64. 
Pleistocene Fossils. 



a. Pecten Islandicos. 

b. Astarte ellipticus. 

c. Cyrena flumlnalis. 

d. Fusiis FabriciL 



e. Natica Oreenlandica. 
/. Fusus scalariformis. 
g. Scalaria Oreenlandica. 
7i. Cemoria Noachina. 



Erratic Blocks, — Besides the Boulder clay and the 
Stratified drifts, there occur detached blocks of rock 
scattered loose over the country. These are sometimes 
rounded and sometimes angular, and of all sizes that it 
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is possible for a natural block to retain. In Scotland 
blocks of granite and gneiss from the Highlands are 
found fifty or sixty miles south of where they occur in 
situ. In England blocks of the Cumberland and West- 
moreland rocks, some of which are readily identifiable, 
as is the case with the peculiar granite of Wasdale Crag 
near Shap, are found over all Lancashire, Cheshire, Shrop- 
shire, and Staffordshire, and crossing the lower parts of 
the Pennine chain are thence scattered over the vale of 
York. In Ireland blocks of the Leinster granite are 
found on the hill-tops and sides, as well as in the 
valleys, of the slate country between the granite and 
the sea. I found one of these blocks above the Devil's 
Glen in county Wicklow to be 27 feet long, 15 broad, 
and 11 high ; it rested on Cambrian slate at a distance 
of ten miles from the nearest granite, and at a height 
of 650 feet above the sea. I believe this to be the 
largest transported block in the British Islands. There 
is a large tract of a peculiar granite on the north side 
of Galway Bay, blocks from which are scattered over 
the country to the south and east for more than eighty 
miles, some of them, ten feet across, now lying on the 
Slieve Bloom mountains at a height of 1000 feet above 
the sea. 

The only way in which the presence of these far- 
transported blocks can be accounted for, is by referring 
them to the action of ice-floes and icebergs. When 
our islands were depressed until the mountain-tops alone 
were visible, ice forming along the shores, or the ends 
of the glaciers which then dipped into the sea and 
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floated ofl as icebeigs, would coDtain blocks of rock 
frozen into them, and these as they melted would 
drop their freight of blocks from time to time on the 
sea-bottom. The lower hills, whicb would at one time 
form banks or shoals in the sea, would often catch and 
strand these icebergs, so that the blocks would be left 
on their summits and sides. It is to tbe action of the 
various eddies and currents in the shallowing seas 
before the final emergence of the plains, and the flux 
and recess of the tides as they flowed in and out of the 
glens and valleys, which would at one time be bays and 
harbours, that I beUeve the Eskers and Kames are to 
be attributed. 

The Pleistocene Land, Lakes, Caves, and Rivers, — 
It is not unlikely that at the close of this latter eleva- 
tion, the land was at a somewhat higher level than now, 
which would have a tendency to unite the British Islands 
with the Continent, and this union may have been made 
more complete by the greater extension of the Boulder 
clay and other Drift deposits, forming plains perhaps 
where we have now the Irish Sea and the German Ocean. 
The hollows in which those seas now lie may have been 
formed partly by the erosion of the low lands and partly 
by the general subsidence of the land. The former 
continuity of the land is rendered probable by its having 
been aU inhabited by the same large land animals, its 
subsequent depression by the fact that peat-bogs with 
the roots of large trees in the position of growth, exactly 
like the peat-bogs now growing on the land, stretch 
beneath the sea, and are exposed at low water of spring 
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tides at numerous places round all the Britisli Islands, 
and the opposite continental coasts. 

The bones of the extinct luid animals are found 
sometimes in the marls of old lakes, now dry and gene- 
rally buried under peat-bogs, in the river gravels 
whether of the high or low levels, and in caves, where 
they occur in clay under a covering of stalagmite, or 
sometimes in heaps of broken bones without any stalac- 
titic cover. In some cases these caves can be shewn to 
have been used for long periods as dens by the extinct 
hyaenas or bears, the bones of the larger animals having 
been taken in piecemeal and gnawed and broken there. 
In others the bones and the clay were swept into the 
caves by the subterranean rivers and floods which then 
traversed them, as streams of water now traverse many 
of the lower caves which are found in all limestone coun- 
tries. The old bone caves are now dry, because the ad- 
jacent rivers have cut their valleys so deep that the 
drainage of the country runs at a lower level, and 
therefore no longer gets access to these caves. 

The most remarkable of the land animals that lived 
during this Pleistocene period and have now become 
extinct, are the following : — Elephas primigenius {first- 
hom), the woolly elephant or mammoth ; Ehinoceros 
tichorhinus (jpartition-anout), or woolly Ehinoceros ; a 
Hippopotamus, the large deer called Megaceros Hiber^ 
nicus (Irish bighorn), or Irish elk; TJrsus spelseus 
(cave Bear), Hyaena spelsea (cave Hyoena), Felis spelaea 
(the cave lAon or Tiger), To these may be added the Cer- 
vus tarandus or Eeindeer, and the Bison Europseus or 
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Aurochs, whicli, though extinct in the British islands, 
still exist in the northern parts of Europe. 

Existence of Man during the Fleistoe&rice Period, — 
In many of the caves which contained the bones of the 
extinct animals, human bones and implements have been 
also found. Geologists were for a long time restrained 
by a natural reluctance to assert that man was con- 
temporaneous with the extinct animals without the 
clearest proof of the fact. It was felt that as man 
is a digging anknal, early races of men might have 
buried their dead beneath the bones of the animals 
which they had themselves dug from their original 
resting-places. Many persons, however, were never- 
theless convinced that the human and animal bones 
were of contemporaneous origin. This is believed to 
have been the opinion of the late Eev. Mr. MacEneiy, 
the Eoman Catholic clergyman of Torquay, who was 
the companion of Dr. Buckland in the examination of 
the Kent's Hole cave. It was the decided opinion of 
Dr. Schmerling, of liege, who found in the caves of 
that province bones of extinct animals and human 
skulls and implements, in narrow tortuous recesses, to 
which he could only penetrate by being let down by 
a rope, and crawling on all fours along wet passages. 

These ossiferous caverns are numerous in the lime- 
jstone country traversed by the Meuse and its tributaries, 
and many of them were the channels of streams before 
the valleys of those rivers were cut to their present 
depth, bones being brought in by the floods of those 
streams. The teeth of the Mammoth, and human skulls, 
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and the other hones of hoth man and heasts occur here 
and there, equally scattered and detached from the rest 
of their skeletons, as they would by the capricious dis- 
tribution of casual floods ; and they are all in a similar 
state of preservation. — {LyelVs Antiquity of Man) 

M. Lartet has lately described an ancient tomb near 
Aurignac, in the south of France, before which funeral 
feasts had been held, and among the ashes were found 
flint implements, together with the burnt bones belong- 
ing to most of the extinct animals mentioned above, 
in such a state as to shew they had been cooked by man. 

The flint implements, of which such numbers have 
lately been found in the lacustrine deposits and the 
river gravels of the south-east of England and the 
north of France, together with bones of the Mam- 
moth and the ccmtemporary animals, are proof of the 
same fact, and they shew us- also that many of the val- 
leys of the country have been greatly deepened and 
enlarged by the action of the rivers since these deposi- 
tions took place. M. Boucher de Perthes, of Abbe- 
ville, was the first to figure and describe these imple- 
ments, Messrs. Prestwieh and John Evans subsequently 
taking up and working out the inquiry both in France 
and England. 

In France there is no Boulder clay or other far- 
travelled drift — the blocks and pebbles in the lower 
part of each river-basin being derived from rocks 
somewhere in situ in its upper part. The gravels 
are all of fluviatile origin, containing no marine shells 
except in the parts near the sea, where the tide once 
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flowed up the valleys. These gravels occur in detached 
patches at various heights ahove the present level of 
the livers, and, where Chalk is the subjacent rock, they 
consist chiefly of Chalk-flints, often much rounded 
and stained with ferruginous colours. Angular blocks 
of other rocks also occur occasionally in the sands 
and gravels, but always of rocks that are somewhere 
traversed by the rivers. Tlie flint implements are 
scattered in the lower part of the flint gravels, often 
at a depth of 20 or 25 feet from the surface. One 
of the places where they occur is at the village 
of St. Acheul, near Amiens, in the valley of the river 
Somme, as shewn in the following figure. Many 
hundred specimens have been found in the gravels 
here, of flints which had been artificially chipped, so as 
to make spear-heads, hatchets, or adzes, or ice-chisels, 
and digging implements ; something like those used by 
many savage races in diflerent parts of the world at the 
present day. 

The explanation offered by Mr. Prestwich as to the 
occurrence of these gravels, is, that they were deposited 
in the bed of the river when its channel ran along the 
places where they are now found. Since that time the 
whole length of the valley has been deepened by the 
action of the river, this excavation having, near Amiens, 
removed a mass of chalk more than a mile in width, 
with a maximum depth of 100 feet, and a propor- 
tionate mass through the rest of the valley. It seems 
to me that the whole channel of the river would at one 
time have been on the higher part of the slope between 
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the part marked 210 /if. and St. Acheul, that it then 
began to cut into and remove the chalk on the N.K, 
gradually deepening its channel in that direction till it 

B. R. Soinme. Ridlway Cottiiiflr. St. Acheal. &■ 



Fig. 65. 
Section across the valley of the Soinme, near Amiens, from Mr. Prestwich. 

The lower part with horizontal strokes is the Chalk. The dotted parts are 
the gravels. The nndotted parts above these are fine brick-earth on 
the slopes, and silt and peat in the bottom of the valley. 

arrived at its present bed, always leaving the gravel of 
its former bed, and depositing fresh gravel in the new 
one as it worked its way down the slope. 

Fragments of the hard parts of the bones of the 
Mammoth and its contemporaries are found in these 
gravels, proving the climate to have been the rigorous 
one of the glacial period. The tribes of savage men 
then living in these countries, like those of the 
northern parts of America and Asia at the present day, 
would have favourite spots where, during the winter, 
they would chip holes in the ice, in order to spear the 
fish and other animals that came to the holes to 
breathe, and would lose many of their weapons and 
implements either through these holes or from their 
canoes in the summer. These would be carried down 
by the streams and buried in the sand and gravel in 
the bed of the river. The cutting power of the rivers 
would be much greater then in consequence of the 

z 
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swiftness of their currents, and it would be aided by 
the floods when the snows melted, and by the ice which 
would be- brought down by those floods. 

This cutting power would gradually diminish as 
the valleys were deepened and the strength of the 
currents lessened. Near their mouths the rivers have 
now long ceased to exert any erosive action, and have 
been in process of being silted up and bogged up ; but 
if the country were to receive an elevation of 50 feet 
the rivers would resume somewhat of their ancient force, 
and again set to work to deepen the valleys. One such 
elevation of 30 feet has probably occurred since the 
deposition of some of the gravels, evidence of it hAving 
been observed by Mr. Prestwich on the coast. It is 
impossible to arrive at any conclusions as to the exact 
number of centuries that have elapsed since the rivers 
ran at their former high levels, but we may feel assured 
that they have been very many more than the hitherto 
received chronology allowed for. 



CHAPTEE XXIV. 

FOREIGN PLEISTOCENE ROCKS AND FOSSILS. 

We learn from tlie late E. Forbes that, wliile the glacial 
climate of this period prevailed in our latitudes, many 
of the marine animals which previously inhabited our 
seas retreated to 'the south of Europe and returned 
northwards again as the climate improved. 

Sir C. LyeU informs us that many of the rocks of 
Sicily, some of which are some hundreds of feet in 
thickness, and rise now to heights of 3000 feet above 
the sea, were formed during the later Pliocene or Pl^- 
tocene period, since they are full of fossil shells of the 
same species as those now living in the Mediterranean. 

In more northern latitudes we find evidence of a 
state of things like that which prevailed in our own 
islands. The plains of Germany and Eussia are strewn 
with great blocks, some of them as large as cottages, 
derived from the rocks of the Scandinavian peninsula 
and Finland. 

The ground beneath the plains of Siberia abounds 
to such an extent with the tusks of the Mammoth (or so- 
called Elephas primigenius*), that the fossil ivory is an 

* Blumenbach gave it this name, as no other species of fossil 
Elephant was then known ; the name was unfortunate, as many 
other species of Elephant had even become extinct before this 
aO'CaWed first-born came into existence. 
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important article of commerce, and was at one time 
an imperial monopoly. It appears from Sir R. L 
Murchisons "Greology of Eossia and the Ural," that 
near the sea of Azof there is a clay 50 feet thick full of 
Mammoth bones, and that alluvial deposits of clay and 
mud spread largely over the northern part of Siberia, 
especially in the neighbourhood of the great rivers, and 
that the bones become more numerous and better pre- 
served the farther the rivers are followed towards 
their mouths, until at length whole skeletons and even 
carcases are preserved. The animals may have in- 
habited the forests on the flanks of the Ural and Altai 
mountains during the winter, and migrated north in 
great herds in summer perhaps, many of them perishing 
in crossing the rivers, and thus their carcases having 
been floated down and buried in mud were ^zeu into 
it in the winter. A gradual elevation of the land 
seems also to have been going on, so that the coast was 
extended farther towards the north, and the carcases 
thus drifted to greater distances in that direction, 
-s^hile the former alluvial muds were raised into dry 
land above the reach of the river floods. 

When once frozen in mud or thick ice the carcases 
of the animals might endure for almost any length of 
time. In the year 1799 a Tangusian fisherman observed 
a strange mass projecting from an ice-bank near the 
mouth of one of the rivers, which thawed out, in suc- 
ceeding summers, till it disclosed the entire carcass of 
a Mammoth. In 1806 a Mr. Adams went to examine 
this animal, and found the remains of the carcass that 
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had been left by the wild beasts, and removed aU he 
could of it to St. Petersburgh, where it still exists. 
The skin was extremely thick and heavy, and was 
clothed with three kinds of hair — stiff black bristles a 
foot or more in length, coarse flexible hair of a reddish 
brown colour, and coarse reddish brown wool, which 
grew among the roots of the long hair. This thick 
clothing shewed that the animal was adapted to a cold 
climate. The word Mammoth is of Siberian origin, 
and means Earth Beast. 

In 1771 the carcass of the Ehinoceros tichorhinus 
was dug up out of the frozen soil near Vilhorii on the 
banks of the WUaji river, a tributary of the Lena, and 
was in like manner found .to be covered with long hair 
and wool, as recorded by Pallas in his " Voyages dans 
TAsie Septentrionale." 

The liakhow Islands off the north coast of Asia 
consist of sand and ice, with such enormous quantities 
of Mammoth bones, that they seem to form the chief 
substance of the islands ; they are mingled with the 
bones of the Rhinoceros, and with the bones and horns 
of deer somewhat different from the existing reindeer. 
In 1821 as much as 20,000 lbs. weight of fossil 
ivory was procured from the island of New Siberia, 
some of the tusks weighing 480 lbs. 

In Escholtz Bay, at the head of Kotzebue Sound, 
in North America, cliffs composed of or fronted with 
ice were found to be covered with boggy soil full of 
bones and skulls of Elephants and other animals, with 
quantities of hair, and all so fresh that the whole 
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deposit bad a chamel-honse smelL The bones identi- 
fied belonged to the Mammotb, the fossil Horse, the 
Moose Deer, the fossil Eeindeer, the fossil Mnsk Ox, 
and another Ox larger than any living one, the Arctic 
fossil Bison, and the heavy-homed fossil Bison. — 
(Richardson's Polar Regions.) 

The Mammoth remains are found in Korth America, 
far to the south of those latitudes, but as we come down 
towards the GuK of Mexico, they give place to another 
species called by Dr. Falconer Elephas ColumbL 

In the central parts of North America, never north 
of latitude 51**, abundant remains have been found in 
lacustrine and alluvial deposits of another great pro- 
boscidean animal belonging to the extinct genus 
Mastodon. This American species is called Mastodon 
Ohioticus ; it is the one of which an entire skeleton is set 
up in the Palseontological gallery of the British Museum. 

Dr. Falconer's recent explorations of the caves in 
Sicily shew us that some of them contained immense 
accumulations of the bones of Hippopotami, to such an 
extent that ship-loads of them had been exported to 
be made into lamp-black, mingled with which were 
remains of the Elephas antiquus, the cave Hyaena, a 
cave lion, and extinct Deer and other animals, matted 
together by stalagmite. There were also siliceous im- 
plements and other proofs of the existence of man, 
such as burnt wood, etc., together with land and- sea 
shells of species that still live in the district. 

Dr. Falconer also described, at the meeting of the 
British Association at Cambridge in 1862, the fossil 
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bones procured by Captain Spratt, E.K, from the 
caves in Malta, as proving tbe fonner existence of a 
pigmy species of Elephant not much larger than a 
calf.* He calls it Elephas (Loxodon) Melitensis. 
From its analogy to the African Elephant and other facts, 
Dr. Falconer believes that Malta was connected with 
AMca at the time that this small Elephant lived 
there. 

Our limits do not allow of our following out this part 
of the subject in detail, but I will endeavour to epito- 
mise a few of the more striking facts connected with it. 

Glaciers, — ^During the prevalence of the cold climate 
in Northern Europe and America, its effects were felt 
in Switzerland, where the glaciers spread far beyond 
their present limits, across the great valley from the 
Alps on to the flanks of the Jura, and down on to the 
plains of Italy, as far as the vicinity of Turin, where 
immense moraines derived from them now appear like 
chains of hills. — {pyelVs Antiquity of Man) 

Dr. Hooker has lately described the former exist- 
ence of glaciers on the libanus in Syria down to a level 
of 4000 feet below the crest of the chain, which is 
10,000 feet high. The cedars of Lebanon grow on the 
moraine of one of these old glaciers. 

The same author shewed in his Himmalayan Jour- 
nals the great former extension of the glaciers on the 
south side of the Himmalayahs, huge moraines now exist- 

* It seems a great pity that this small Elephant should have 
become extinct, since he would, if docile, have formed such an 
admirable and usefiil domestic animal. 



344 FOREIGN PLEISTOCENE BOCKS ASD FOSSILS. 

ing in the valleys several thousand feet below any of 
the existing glaciers. 

South America. — Another large group of extinct 
animals have left their remains in South America^ both 
in caverns in Brazil, and in widely spread deposits of 
mud and sand beneath the plains known as the Pampas. 

MM. Lund and Clausen examined as many as 800 
caves in Brazil, and found the remains of 101 species 
of animals, many of them of extinct species and genera. 
In six of these caverns they found human remains 
mingled with the bones of the extinct animals, and ap- 
parently contemporaneous with them ; there were stone 
hatchets also found in thenu 

Mr. C. Darwin, Sir Woodbine Parish, and M. 
Alcide d*Orbigny, have sent the remains of some of the 
larger extinct animals from the Pampas deposits. 

Among the South American fossils it is curious to 
find the remains of a Horse rather abundant, though 
no such animal existed in South America when it was 
invaded by the Spaniards. There was a Mastodon also, 
which is called Mastodon Andium, and is peculiar to 
South America. 

The most remarkable of these fossil animals, 
however, were large species of genera of which the 
living representatives are now almost restricted to the 
South American Continent. These genera are grouped 
into an order called Edentata (toothless), from their 
having no front teeth. The Sloth (Bradypus), the Ar- 
madillo (Dasypus), and the Anteater (Myrmecophagus), 
are the chief of these ; and the whole order, with the 
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exception of the African and Asiatic Pangolin (Manis) 
and the African Orycteropus, is confined to South 
America. 

The extinct genera include the Megatherium, an 
animal eighteen feet long, and the Mylodon, whose 
skeleton is eleven feet in length, which were allied to 
the Sloths, and, like them, lived principally on the 
leaves of trees, which their huge fore-paws, armed with 
great recurved claws, enabled them to root up and 
throw down, while the smaller sloths of the present 
day have to climb and live among the branches. 

The Glyptodon was more nearly allied to the Arma- 
dillos, and, like them, covered with a coat of mail, 
which, however, was not banded, but like a tessellated 
pavement. The one in the Museum of the College of 
Surgeons, London, measures 9 feet in length, and 7 
feet across over the curve of the back. 

There was also a large extinct llama called Macrau- 
chenia, and other large animals more or less closely 
aUied to those now living in South America. 

Amtralia, — Similar discoveries have been made in 
Australia, where bones have been found, in the caves 
and superficial deposits, belongmg to animals of the 
Marsupial order, which at the present day is entirely 
confined to Australasia, with the single exception of 
the American Opossums or the genus Didelphis. 

The fossil Kangaroos (Macroptis Atlas and M. 
Titan) must have been nearly as large as a horse. The 
skull of the great Diprotodon, an animal intermediate 
between the Kangaroos and the Wombats, is 3 feet 
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across. Other extinct species were allied to the two 
called the Native Wolf (Thylacinus cynocephalus, dog- 
headed pouch-heast) and Native Devil (Dasynrus nrsi- 
nns, hear-like 7iairy-tail\ still lingering in Tasmania, 
but not known to exist elsewhere even in Australasia ; 
while another carnivorous Marsupial, called by Owen 
Thylacoleo camifex (butcher poitch-ZAon), rivalled the 
lion in size, and perhaps surpassed him in voracity. 

New Zealand. — ^When New Zealand was discovered 
by Cook there were no Mammals in it larger than rats, 
so that Birds were the largest land creatures the Maori 
were acquainted witL Among these was a singular 
genus called the Apteryx, allied to the Ostrich and the 
Emeu, but not larger than our domestic poultry. Bones 
of a gigantic bird called Dinomis have since been dis- 
covered there, also allied to the Apteryx, but larger 
than an ostrich, as well as those of other and smaller 
species. The Dinomis is known to the natives as the 
Moa, and was certainly exterminated by their ancestors, 
even indeed if it be actually extinct, and the stories of 
living Moas having been seen are not true. 

Indian Ocean, — In Madagascar huge eggs have been 
found, proving the former existence of a gigantic bird, 
to which the name of ^pyornis (tall bird) has been given. 

"When the Mauritius was first visited by the Dutch, 
a large bird called the Dodo was found there, and the 
islands of Bourbon and Eodriguez were inhabited by 
another called the Solitaire. These were exterminated 
soon after the discovery of the islands. 



CONCLUSIOK ' 

The geological liistory of the Eartli thus closes with 
the appearance of Man exterminating races of animals, 
just as preceding races had been exterminated by other 
ftTn'mftla than Man. 

If this history were to be made complete, it should 
include an account of the aqueous rocks that were de- 
posited, the igneous rocks that were intruded or ejected, 
the preceding aqueous rocks that were altered or de- 
stroyed, the animals and plants that made theur appear- 
ance, and those that disappeared, during each period of 
the history, and for every large division of the globe. 
It is obvious that the little sketch now given affords 
but a feeble outline of such a history. 

The account of the Pleistocene period should pro- 
perly include that of existing Volcanoes, Earthquakes, 
Coral reefs, and the other actions now proceeding, which 
have been given in Chapters II., lY., V., VI., and VIL 
These chapters were detached from their proper place, 
and given in the first instance in order that we might 
understand the nature of the operations now going on, 
and thus learn how to read the history of the past. 
Geologists were, before the appearance of Sir C. Lyell's 
Principles, mostly led away, for want of this knowledge, 
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into mere speculations as to what might have produced 
the Earth's crust, instead of patiently studying the 
actions which were now operating in that production. 
Hence arose such notions as that Granite was neces- 
sarily the most ancient of all rocks, and that after the 
fonnation of Granite came that of Gneiss, and then 
that of Mica schist, then of Clay slate. We now 
know that any rocks of suitable character, no matter of 
what age, may be altered into Gneiss, or Mica schist, 
or Clay slate, and that Granite may be intraded into 
rocks of any age. 'No molten mass, however, would 
form Granite, if erupted on to the surface, though the 
same mass, which if crystallised below would form 
Granite, might be erupted and form Felstone or 
Trachyte. 

The term "Transition ' was at one time used to 
designate an imaginary period between that of the for- 
mation of the so-called crystalline rocks and the others. 
Part of the same prejudice still lingers among Greolo- 
gists, and induces them to regard the present time as 
distinct from the Tertiary Epoch, and to introduce such 
terms as Post-tertiary or Quaternary. 

It is true that the spread of a cold climate seems to 
have been very general over the world during the glacial 
part of the Pleistocene period, and to have formed a 
marked exception to the meteorological conditions that 
had previously prevailed. During former periods the 
climate of the whole Earth seems to have been more 
genial, and more equable than it is now. The change, 
however, seems to have been a gradual one, both in its 
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in-coming and its out-going, and a mere extension to 
lower latitudes of the climate which, remains now in 
the Polar regions of the Earth. However it may have 
been caused, we do not find here or elsewhere in the 
history of the Earth any evidence of an abrupt termina- 
tion of one order of things, and a sudden introduction 
of another. Eew, and scanty, and broken, as are our 
records of the past, they contain far more evidence of 
the slow, and gradual, and continuous action of the 
natural forces, than of rapid, or capricious, or intermit- 
tent change. The present day is linked indissolubly 
with all past time, and that which we see around us is 
the result of that which has been before. 
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rocks, 84 

rock, 112 

slate, 112, 147 

block of, figured, 148 

of Cretaceous age, 298 

Cleavage, 148 

in limestone, 151 

Clent Hills, trappean breccia of, 

247 
Cliffs on west coast of Ireland, 87 
Climate, changes in, 848 
Clunch, 112 
Clwyd, Vale of, 256 
Coal, absence of, in S. E. of England, 

257 

composition of, 66 

formation of, 79, 81 

in Cretaceous rocks, 298 

mode of formation of, 233 

varieties of, 82 

vegetable remains in, 80 

Coal-measures, 222 
Cochliodus oblongns, fig., 241 
Coelacanthus granulosus, fig., 245 
Coelenterata, 60 
Coelopoma Colei, fig., 807 
Collyweston slate, 262 
Colorado River, exploration of, 99 
Comatula-like encnnite, 273 
Comparative anatomy, science of, 

813 
Comparison of French and English 

Eocene beds, 312 
Comrie, small earthquakes at, 42 
Concretions, 155 
Conglomerate, 112 
Connecticut, birds* footprints in, 

255 
Consolidation of rocks made of frag- 
mentary materials. 111 
Continental Pliocene beds, 824 
Contortions, 139 
Coomhola grits, 219 
Coprolites, 290 
Coral rag, 263 

2 



Coral reefs, 61 

Coral reefs like a peat bog, 63 
formation of, 60 



Coralline Crag, 322 
Combrash, 262 

fossils, 277 

Corncockle Moor, foot-tracks in, 247 
Cornwall, rocks of, 217 
Coryphodon, 310 
Coseguina, eruption of, 18 
Cotteswold Hills, sections near, 259 
Crag deposits, 322 
Crag fossils, 323 
Cretaceous period, 282 
rocks of America, 



Crinoid family diminishing, 295 
Cromer, successive removals of, 88 
"Crows nests," fossil plants so 

called, 279 
Crustacea on coral reefs, 62 
Cruziana semiplicata, figured, 198 
Cryptodon angulatum, fig., 307 
Cuboidal jointing, 129 
Cutting power of rivers, gradual di- 
minution of, 338 
Cuvier's discoveries, 812 
Cwm Cennen, section of, 217 
Cycadeoidea microphylla, fig., 280 
Cyrena cuneiformis, fig., 807 

elongata, fig., 280 

- fluminalis, fig., 830 



pulchra, fig., 809 

Cystidea described, 202 

Dachstein beds, 252 
Dales of Derbyshire, 225 

of N. England, 227 

Dana on absence of fossils in coral 
reef, 64 

on coral reefs, 62 

on gullies of Blue Mountains, 



99 

Dartmoor granite, age of, 221 
Darwin, C, on elevated beds of sea 

shells in Chili, 48 

on coral reefs, 68 

fossil -bones found in 8. 



America, by, 344 

- on movement of land in earth- 



quakes, 55 

- on rise of land in Chili, 46 



Dasyurus ursinus, 346 

Daubeny, Dr. , on Volcanoes, 19 

Davis, Mr., on Lingula flags, 196 

Dawson, Dr., on Nova Scotia coal- 
field, 234 

Dayman, Capt., R.N., on deep-sea 
soimdmgs, 75 

Deep water inactive, 85 

Deep water outside coral reefs, 71 
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Deer tribe, first appearance of, 819 

Deinothenum, 819 

Deltas, formation of, 94 

Denbighshire sandstone, 196 

Denudation, 161 

of beds, 188 

of the Weald, 286 

before New Red sandstone, 

256 

over faults, 146 

Deposits in British seas, 105 

Depths of Atlantic, calcareous mad 
in, 74 

Derbyshire, Carboniferous rocks of, 
224. 

Destruction necessary for reconstruc- 
tion, 119 

Devon, N. , and S. Ireland, same rocks 
in, 220 

Devonian period, 215 

whether to be retained, 218 

Devonshire, rocks of, 217 

Diallage, 28 

Diameter, polar and equatorial, 1 

Diamond, the crystal of carbon, 56 

Diatomaceae, 76 

Dichodon, 310 

Dictyonema sociale, figured, 198 

Didelphys Colchesteri, 810 

Didymograpsus Murcbisonii, fig., 200 

Dinomis of New Zealand, 846 

Dip of beds, 181 

Diplodus gibbosus, fig., 241 

Diprotodon, 345 

Dirt beds, 264, 279 

Dislocations or faults, 144 

Distribution of fossils, 172 

Disturbance before New Red sand- 
stone, 250 

Dodo of Mauritius, 846 

Dolcoath mine, temperature of, 8 

Dolerite, 80 

Dolomite, 78, 246 

Downthrow, 145 

Drew, Mr. , on Wealden beds, 287 

Diift deposits, 325 

fossils, 329 

in Ireland, 828 

Du Noyer, Mr., sketches by, 126, 128, 
139, 157 

Dudley, rocks near, 205 

Dukinfield, temperature of coal pit 
at. 8 

Dunwich, destruction of, 89 

Dykes of lava, 13 

Eabth, form and size of, 1 

probable fluidity of, 6 

- specific gravity of, 6 



Earthquakes, 36 



Earthquakes, effects of, 40 

Shenomena of, 89 
epth of origin of, 40 



Echinidffi beginning to preponderate, 
295 

Echinodermata, on coral reefs, 62 

Echinosphserites aurantium, fig., 
201 

Echinus Woodwardii, fig., 823 

Eden, vale of, 256 

Edentata chiefiy in S. America, 344 

Edentate animals, 820 

Elementary substances, 23 

Elephants, first appearance of, 819 

Elephas Columbi, 342 ^ 

antiquus, 324 

meridionalis, 824 

Melitensis, 843 

primigenius, 825, 333 

England, erratic blocks in, 331 

Eocene fossils, 304 

period, 301 

Epochs and periods, 185 

Erosion by glaciers, 109 

Erratic blocks, 830 

blocks of N. Europe, 839 

Eschara, 60 

Escholtz Bay, fossil bones at, 340 

Eskers in Ireland, 329 

mode of formation of, 332 

Eurypterus, 212 

Evans, Mr. John, on flint imple- 
ments, 835 

Everest, Mount, 4 

Existing nature, the result of all past 
action, 349 

Exjilanaria, 63 

Extinct animals, contemporary with 
man, 834 

reconstruction of, 314 



Extracrinus Briareus, fig., 273 

Falconek, Dr., on Elephas Columbi, 
342 

on Elephas Melitensis, 343 

on fossil animals in Sicily, 

- on Sewalik deposits, 321 



342 



Faluns of Touraine, 318 
FarcM-ell rock, 222 
Faults or dislocations, 144 
Featherbed Moss, 227 
Feldspar, composition of, 27 
Felis spelseus, 838 
Felltop limestone, 228 
Felstone, 81 
Fens, the, a delta, 104 
Fingal's cave, joints of, 129 
Firestone, 289 
Fish of Permian rocks, 244 
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Fish remains, first appearance of, 

211 
teeth, in Carboniferous rocks, 

240 
Fitzroy, Admiral, on rise of land in 

Chili, 4tf 
Flamborough Head, Chalk of, 284 
Flint, 78 

implements, 836 

Florida reef, time required for growth 

of, 73 
Flustra, 60 
Foliation, 152 
Fontainbleau sands, 812 
Footprints in New Red sandstone, 

254 

preservation of, 171 

Foraniinifera, 59 
Foraminiferous limestone, 73 
Forbes, Prof. E., on land near Long- 

mynd, 313 
Foreign Pleistocene rocks and fossils, 

339 
Forest bed of Norfolk coast, 324 

Marble, 262 

Fossil horse, 342 
Fossils, 168 

Bala, 201 

Cambrian, 193 



- Carboniferous, plants, 232 

, shells, 235, 238 

, fish teeth, 241 

- Chalk, 294 

- Combrash, 277 

- Crag, 323 

- Eocene (lower), 307 
(upper), 309 

- Gault, 290 

- Lias, 273, 276 

- Lingula flag, 198 

- Llandeilo flag, 200 

- Ludlow, 210 

- Oxford Clay, 278 

- Permian, 245 

- Pleistocene, 380 

- Purbeck, 280 
■ Wenlock, 208 



Ganges, delta of, 103 

Gaudry, M., on Miocene in Greece, 

321 
Gault, 289 
Gault fossUs, 290 

Geikie, Mr., on action of rivers, 98 
on Carboniferous rocks of 

Scotland, 229 

on glacial drift, 327 



Foster's section, S 

Fox, Mr. W., on mineral veins, 160 

on temperature of mines, 8 

France, no boulder clay in, 835 
French Eocene beds, 311 
Freshwater Eocene beds, 305 
Fringing reef, formation of, 66 
Fullers earth, 262 
Fusus Fabricii, fig., 330 
scalariformis, fig., 330 

GALKRrrES albogalerus, 295 
Galway granite, erratic blocks of, 331 



Genera and species of Oolitic fossils, 

272 
Geographical distribution of fossils, 

173 
Geological history, 181 

investigation, method of, 132 

Geological, like human history, 182 
Observations on South Ame- 



rica, by Mr. Darwin, 49 

• time, conventional divisioni 



of, 184 

Germany, erratic blocks of, 339 
Giant's Causeway, joints of, 129 
Glacial markings, 326 
Glaciers and icebergs, 107 

former extension of, 326 

old, in Switzerland, 343 

Glass, manufacture of, 25 

Glyptodon, 345 

Gneiss, erroneous views on, 848 

formation of, 154 

in any formation, 299 



Goniatite, extinction of, 266 
Goniopholis crassidens, fig., 280 
Goniatites Listeri, fig., 238 
Graham, Mrs. , on rise of land in Chili, 

48 
" Grain " of rocks, 123 
Granite, atmospheric waste of, 113 

composition of, 32 

formation of, 33 

former mistakes as to age of. 



348 

of Devon and Cornwall, age 

of, 221 

- two kinds of, 35 



Graptolites described, 199, 209 
Graptolithus priodon, fig., 210 
Gravels of the Sorame valley, 336 
Greece, Cretaceous rocks of, 298 
Greene, Professor Reay, on Pro- 
tozoa, 60 
Greenland, sinking of land in, 53 
Greensand, lower, 288 
upper, 289 



Greenstone, 31 

Greenwood, Col. G., on Rain 

Rivers, 112 
Qrenelle, Artesian well of, 293 
Gr6s de Beauchamp, 312 
Gresslya peregrina, fig., 277 
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Griflath, Sir R, on Carboniferous 

Slate, 219 
Gritstone, 112 
Gryi»h8ea dilatata, flg., 278 

incurva, lig., 275 

Guttenstein beds, 252 

Hallstadt beds, 252 

Hamites attenuatus, fig. , 290 

Harwich, boring near, 292 

Hastings sand, 287 

Haughton, Rev. Prof, on granite, 85 

Hawkins, Mr. W., fossil animals re- 
stored by, 288 

Hebridean gneiss, 189 

Heer, M. , on fossil plants, 816 

Helix D'Urbani, fig., 809 

Hen wood, Mr., on temperatura of 
mines, 8 

Heterocercal fish, 245 

High level gravels, 828 

Hills of circumdenudation^ 165 

uptilting, 166 

Himmalayahs, former glaciers of, 
843 

Hippohyus, 320 

Hippopodium ponderosum^ fig., 275 

Hippopotamus, 833 

fossil in Sicily, 842 

major, 825 

Hippotherium, 320 

Hippurites, 296 

Himant limestone, 196 

Histioderma Hibemicum, fig., 198 

Hitchcock, Dr. , on birds' tracks, 255 

Hol5T>tychiiis Portlockii, fig., 241 

Homocercal fish, 245 

Hooker, Dr., on glaciers of Lebanon 
and Himmalayahs, 843 

Hornblende, composition of, 28 

Horse, the progenitors of, 320 

Horsham beds, 287 

Stone, 287 

Hoskvns, Mr., of R.N., on Porcupine 
bank, 105 

Hot springs, 9 

Hull, Mr., coalfields of Great Britain, 
224 

Human bones in caves, 334 

Humboldt on earthquake at JRiobam- 
ba, 42 

Hunt, Capt. E. B., on time required 
for formation of coral reefs, 73 

Hunt, Dr. Sterry, on petroleum, 82 

Huronian rocks, 189 

Huxley, Prof., on oaze in bed of At- 
lantic, 75 

on reptiles in Coal-mea- 
sures, 235 

Hyeena speltea, 833 



Hysenodon, 311 

Hydrobia Chastellii, fig., 309 

Hylseosaurus, 288 

Hymenocaris vermicauda, fig., 198 

Hypersthene, 28 

Hyracotherium, 810 

Ice, action of, on land, 92 
Icebergs, formation of, 108 
Iceland, volcanoes of, 16 
Ichthyosaurus, 268 
Igneous rocks, 84 
Iguanodon, 288 
Illaenus Davisii, fig., 201 
Imperfection of geological record. 

183 
India, rise and fall of land in Cutch. 

50 

Miocene Beds in, 319 

Inferior Oolite, 262 
Inoceramus mytiloides, fig., 294 

-; sulcatus, fig., 290 

Internal heat of globa, 10 

Intervals of deposition' oaose beds, 

124 
Ireland, Cambrian rocks in, 191 

Cambro-Siinrian rocks of, 202 

Carboniferous rocks of; 229 

cleavage in S.. of, 151 

drift deposits in, 328 

erratic blocks in, 831 

Old Red sandstone- in sontli 

of, 219 
Ironsands, 288" 

Islands in Upper Silurian* seas, 213 
Isle of Sheppey, fossil fhiits in, 305 
Isle of Wight, Eocene beds in, 805 
Italy, former glaciers in, 343 
Ives, Lieut. J. C, e:^loration of 

Colerado>River, 99 

Jamieson, Mr., on parallel roads, 

326 
Jardinej Sir W., on fossil foot tracks, 

247 
Joints, 125 

lite, 128 
in limestone, 126 



Jupiter Serapis, rise and fall of, 54 
Jurassic Period, 258 

Eames in Scotland, 329 
Kangaroos, fossil, 845 
Kelloway rock, 263 
Kentish rag, 288 

Town, borings near, 293 

Kent's Hole, bones in, 334 
Keuper of Germany, 251 
Killenaule, co. TTipperary, Coal-mea- 
sures of, 230 
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Kimmeridge clay, 263 

Kinahan, Dr. J., on Oldhamia, 192 

Kinder Scout, 227 

King, Prof., on Permian fossils, 244 

KingsmiU, Mr. B. W., on granite of 

China, 112 
Eoessen beds, 252 

Labbadobite, 27 

Labyrinthodonta, 255 

Lake country, Cambro-Silurian rocks 

of, 202 
Lakes, bones in old beds of, 333 
Lamination, 122 
Lamna elegans, fig. , 307 
Land animals in Coal-measures, 234 
Land about Longmynd during Up- 
per Siluriam period, 213 

continual waste of, 114 

erosion of, by sea, 91 

plants in Coal measures, 234 

result of internal disturbance 

of, 119. 

- slips, 93 



Lartet, M., on extinct animals, 335 
Later Palaeozoic periods, 214 
Lateral or primary valleys, 96 
Laurentian gneiss, 189 
Lavas and igneous rocks, 23 

varieties of, 29 

Lebanon, Mt., glaciers of, 343 
Leinster granite, erratic blocks of, 

331 
Lepidodendron elegans, fig., 232 
Leptolepis macrophthalmus, fig., 278 
Leslie, Professor, on density of air 

and water, 7 
Level of sea permanent, 46 
Lewlsian gneiss, 189 
Liakhow Islands, mammoth bones 

in, 341 
Lias, 259 

description of, 261 

fossils, 273, 275 

Lichas Hibemicus, fig., 201 
Liege province, caves in, 334 
Lignite, composition of, 56 

nature of, 80 

LimaHoperi, fig., 294 
Lime, carbonate of, secreted by ani- 
mals, 59 
Limestone, altered by covering, 77 

common, 78 

formation of, 77 

gravel of Ireland, 328 

Lingula Davisii, figured, 198 

flags, 196 

Lisbon, earthquake of, 41 
Lithostrotion aflSne, fig., 235 
Llandeilo-fawr, section near, 217 



Llandeilo flags, 196 
Llandovery rocks, 206 

sandstone, 196 

Lodes, 159' 

Logan, Sir W., on Laurentian gneiss,. 

189 
London clay, 804 

clay fossils, 306 



- tertiaries, 305 



Longitudinal or secondary valleys, 

97 
Longmynd, Cambrian rocks in, 190 
LonsdaJe, Mr., on Devonian fossils, 

218 
Lophiodon, 310, 320 
Loss of land, 90 
Low level gravels, 328 
Lower Limestone shale, 217 

Palaeozoic rocks, 188 

Red sandstone, 244 



Ludlow rocks, 206 

Lund and Clausen on caves in Brazil, 

344 
Lyell's " Antiquity of Man," 835 

Principles of Geology, guide 



in true reading of geological his- 
tory, 347 

on Miocene period, 316 

on movement of land, 46 

on Pliocene of Italy, 324 

on rocks of Sicily, 339 

on Tertiary rocks, 300 

on volcanoes, 19 

on waste of English shores, 88 



Lyme Regis, Lias of, 259 
Lymnsea longiscata, fig., 309 

MacEnebt, Rev. Mr., 334 
Machairddus, 320 
Macrauchenia, 345 
Macropus Atlas and Titan, 345 
Macrotherium, 320 
Madrepora, 63 
Madrepores, 60 
Meeandrina, 62 

or brainstone, 61 



Maestricht Chalk, 297 
Magnesian limestone, 78, 225, 244 
Magnesia, silicate of, 26 
Mallet, Mr., on Calabrian earth 
quakes, 39 

catalogue of earthquakes, 37 

on depth of origin of earth- 



quakes, 43 

- map of earthquakes, 36 



Malm rock, 289 

Malvern Hills, 205 

Mammalia of Miocene period, 319 

in Eocene beds, 310 

in OoUtes, 271 
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Mammaliferous crag, 324 
Muinmoth or woolly elephant, 333 

carcass of, in ice, 340 

in N. America, 342 

tusks in Siberia, 339 

Mam Torr, 227 

Man, early existence of, 334 

Mautell, Dr., on Wealden beds, 287 

Wonders of Geology, 321 

Map, geological, construction of, 133 
Marble, 78 

composition of, 57 

Marine erosion of land, 96 
Marl, 112 
Marl slate, 244 

Marsupials nearly confined to Aus- 
tralia, 345 
Marwood sandstones, 219 
Mastodon, 319 

Arvemensis, 324 

Ohioticus, 342 

Mayence basin, 318 

May Hill, 205 

Mediterranean, rise and fall of land 

in, 54 
Megaceros Hibernicus, 333 
Megalosaurus, 267 
Megatherium, 345 
Merioneth, Cambrian rocks in, 190 
Merionethshire rocks, 194 
Mesozoic or Secondary Epoch, 248 
Metamorphic rocks, 154 
Metamorphism, 153 
Metamorphosed Cretaceous rocks in 

Greece, 298 

Oolites in Alps, 281 

Meuse, caverns near, 334 
Mica, composition of, 29 
schist, erroneous views on, 

348 

formation of, 154 

in any formation, 299 

Michelinia favosa, fig., 235 
Micraster coranguinum, 295 
Microchoerus, 310 
Middle Eocene beds, fossils in, 308 

Oolites, 263 

Millstone grit, hills of, 226 

Mineral veins, 159 

Mines and wells, temperature of, 7 

none in 8. E. of England, 257 

Miocene deposits in Greece, 321 

period, 316 

Mississippi, delta of, 104 

Moa, gigantic bird so called by 

Maori, or natives of New Zealand, 

346 
Molasse, 319 
Monkwearmonth, temperature of coal 

pit, 8 



Montraartre, gypsum beds of, 312 

Moraines, 110 

Mosasaurus, 297 

Mountain chain, appearance of, 95 

Mountains, origin of, 165 

formerly covered by great 

thickness of rock, 91 
Mud patches in Irish sea, 106 
Mull leaf beds, 316 
Murchison, Sir R I., on DeTonian 

rocks, 218 
Murchison, Sir R. I., ** Geology of 

Russia and Ural," by, 340 

Map of Devonshire, 231. 

on Permian rocks, 243 

on Sutherlandshire, 188 

Murray, Mr., on Laurentian gneiss, 

189 
Muschelkalk of Germany, 251 
Myacites decurtata, fig., 277 
Mylodon, 345 
Mynny^d Camgoch, section of, 223 

Nagelflue, 319 

Names of Periods, provisional, 186 

Naming groups of stratified rocks, 

174 
Nant Frangon, section in, 194 
Natica Greenlandica, fig. , 330 
NautUus biangulatus, tig. , 238 

imperialis, fig., 307 

Neocomian formation, 289 
Newberry, Dr., on ravine of Colorado, 

100 
Newcastle coalfield, 229 
New Red sandstone, division of, 

243 

period, 248 

and Permian rocks, sec- 



tion of, 253 

of Ireland, 254 

range of, 255 

New Siberia, Mammoth bones in, 

341 
New Zealand, extinct birds in, 346 
rise and fall of land in, 

50 
Nile Delta, 103 
North Downs, 285 
North Wales, cleavage in, 151 

Upper Silurians of, 204 



Norwich crag, 324 

boring near, 292 



Nummulites, occurrence of, 308 

Oaze on bed of Atlantic, 75 
Obsidian, 33 
Oce^n, depth of, 4 
Ogygia Buchii, figured, 200 
Oil wells of America, 82 
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Oldhamia, figured, 193 

Old Red sandstone, 212, 215, 216, 

217 
Olenus micrurus, figured, 198 
Oligoclase, 27 
OoUte, 78, 258 

composition of, 67 

Oolites in the Alps, 281 
Oolitic Coal-measures, 263 

or Jurassic period, 258 

Ophiodenna Egertoni, fig., 273 
Orbigny, M. A. d', fossil bones found 

in S. America by, 344 
Orbitolites, 62 
Orinoco, delta of, 104 
Orodus ramosus, fig. , 241 
Orthis alata, figured, 200 

lunata, fig., 210 

Orthoceras annulatum, fig., 208 

extinction of, 266 

Gesneri, fig., 238 

Orthoclase, 27 
OtSdus obliquus, fig., 307 
Otopteris obtusa, fig., 272 
Outcrop of beds, 131 
Oxford clay, 263 

fossils, 278 

Oxygen, combinations with, 24 
Owen, Prof., on Miocene animals, 

320 

Pachydermata of Cuvier, 311 
Pacific Islands, ravines in, 99 

Ocean, coral reefs of, 72 

Palsechinus spheericus, fig., 238 
Palaeoniscus comptus, fig. , 245 
Palieosaurus, occurrence of, 247 
Palaeotherium, 310 
Palaeozoic epoch, 187 
Paloplotherium, 310 
Paludina limestone, 287 

orbicularis, fig., 309 

Parallel roads of Glenroy, 326 

Paris Eocene, 305 

Parish, Sir W., fossil bones found in 

S. America by, 344 
** Passes," formation of, 95 
Pea grit, 262 
Peat, composition of, 56 

growth of, 79 

Pecten Islandicus, fig., 330 
Pennant grit, 223 
Pennine chain of England, 227 
Pentamerus described, 211 

in Llandovery rocks, 207 

Knightii, fig., 210 

Pentremites Derbiensis, fig., 238 
Periechocriuus moniliformis, fig., 208 
Periods and epochs, 185 
Perm in Russia, 243 



Permian period, 242 

Permian rocks of Midland counties, 

246 
Persistence of beds, 136 
Petalodus Hastingsiee, fig., 241 
Petrifaction, 169 
Petworth marble, 287 
Phacops apiculatus, fig., 201 

caudatus, fig., 208 

Phillipsiapustulosa, fig., 238 
Pholadomya lyrata, fig., 277 
Pinna affinis, fig., 307 
Pisolitic Chalk, 297 
Pitchstone, 34 
Plantigrade family, 320 
Plants originating coal, 81 

of Carboniferous period, 233 

petrifaction of, 171 



Plastic clay, 304 
Plata, R., felt at sea, 104 
Platycrinus laevis, fig., 238 
Platysomus striatus, fig., 245 
Pleistocene fossils, 330 

land, 332 

period, 822 



Plesiosaurus, 269 

Pleurostemon ovatum, fig. , 280 

Pleurotomaria Anglica, tig. , 275 

Plicatula pectinoides, tig., 290 

Pliocene period, 322 

Pliolophus, 310 

Pliosaurus in Kimmeridge clay, 280 

Po, R., embankment of, 101 

Po and Adige, delta of, 102 

Poecillodus transversus, fig., 241 

Polycystinse, 59 

Polyzoa, 61 

Porcupine Bank, off Qalway coast, 

105 
Porites, 62 
Porphyry, 34 
Portland stone, 264 
Post-Pliocene deposits, 324 
Post-tertiary, erroneous term, 848 
Pouk Hill, joints at, 130 
Prae-cambrian periods, 188 
Present day linked with all past 

time, 349 
Prestwich, Mr., on early Tertiary 

rocks, 301 

on fiint implements, 835 

on gravels, 328 



Primary or PalsBozoic Epoch, 187 
Prismatic jointing, 129 
Proboscidea, first appearance of, 819 
Producta, extinction of, 246, 266 
semireticulata, fig., 235 



Psammodus porosus, fig. , 241 
Pseudocrinites quadiifasciatus, fig., 
208 
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Pteraspis, 212 

Pterinsea retroflexa, fig., 210 

Pterodactyle, large, in Oreensand, 

297 
Pterodactylus, 269 
Pterygotus, 212 
Purbeck beds, 264 

fossils, 280 

Isle, Wealden beds in, 282 

Pyramids built of Xununulite rock. 



QuATERNABY i>eriod, erroneous or 

unnecessary term, S48 
Quartz, 26 

Ragstone, 262 

** Rain and Rivers," by CoL G. Green- 
wood, 112 

Ramsay, Professor, on Longmynd, 
213 

Range of fossils through rocks, 177 

Rapid change of fossils in beds no 
proof of the rapid extinction of 
species, 180 

Rastrites peregrinus, figured, 200 

Ravenspur, destruction of, 88 

Red Crag, 822 

Reindeer, fossil, 333 

Reptiles in Coal-measures, 234 

Reptiles in Cretaceous rocks, 296 

Retepora or lace coral, 60 

Reticularia, 59 

Rhigi, formation of, 319 

Rhine, delta of, 104 

Rhinoceros, carcass of, in ice, 841 

Etruscus, 825 

first appearance of, 319 

leptorhinus, 325 

tichorhinus, 333 

Rhizopods, 59 

Rhynchonella Cuvieri, fig., 294 

nucula, fig., 210 

rimosa, fig., 273 

Richardson, Sir J., Polar Regions 
by, 842 
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